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One of the first annihilations of an antiproton observed at the Bevatron with a  
photographic emulsion. O Chamberlain et al. 1956 Nuov. Cim. 3 447.)

1956, Bevatron, Berkeley

One of the first annihilations observed in emulsions
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1970’s: Evidence for NN bound states and resonances

9 GeV/c pions

Be77

…and  seen by many others at Brookhaven, KEK…
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for both pp isospin I = 0 and 1

!4

I = 0

Bound states and resonances (baryonium) 
were predicted in the NN system due to the 
attractive short range force. 

NN potential =
NN potential x G-parity of exchanged meson

 r contributes repulsion in isospin 1

Deeply bound: isospin 0 (charge neutral states)

: central force is G(!) = �1
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attractive for v 

Short distance NN: repulsive !
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Narrow I = 0 states: 2++, 0++

Do79,

I = 0

Short lifetime due to the annihilation process (range uncertain ~1 fm?):  larger widths

Main motivation for building a high intensity low energy, 
narrow momentum bite, and pure antiproton beam (LEAR)
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Low Energy Antiproton Ring in the CERN South Hall  (LEAR, 1983-1996)

3.5 GeV/c       into PS, 600 MeV/c from PS  into LEAR ->  [60 (2 MeV) — 1940] MeV/c, 
stochastic cooling, extraction (1 hour spill) to simultaneously > 1 experiment, Dp/p < 10-3, 106/s 

(1 p /15 min in 1955 at Berkeley!)

p

…but the states were not found at LEAR,  baryonium remained elusive
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PS170 Precision Measurements of the Proton Electromagnetic Form Factors in the Time-like Region and Vector Meson Spectroscopy

PS171 Study of Proton-Antiproton Interactions at Rest in a H2 Gas Target at LEAR (ASTERIX)

PS173 Measurement of Antiproton-Proton Cross-Sections at Low Antiproton Momenta

PS177 Study of the Fission Decay of Heavy Hypernuclei

PS179 Study of the Interaction of Low-Energy Antiprotons with H2,He3,He4,Ne-Nuclei Using a Streamer Chamber in Magnetic Field 

PS182 Investigations on Baryonium and Other Rare pp Annihilation Modes Using High-Resolution p0 Spectrometers

PS183 Search for Bound NN States Using a Precision Gamma and Charged Pion Spectrometer at LEAR 

PS184 Study of Antiproton-Nucleus Interaction with a High Resolution SPESII Magnetic Spectrometer 

PS186 Nuclear Excitations by Antiprotons and Antiprotonic Atoms

PS187 A high statistics study of antiproton interactions with nuclei

PS197 The Crystal Barrel: Meson Spectroscopy at LEAR with a 4p Detector

PS201 Study of antiproton and antineutron annihilations at LEAR with OBELIX, a large acceptance and high resolution 
detector based on the Open Axial Field Spectrometer

PS202 JETSET: Physics at LEAR with an Internal Gas Jet Target and an Advanced General Purpose Detector

PS203 Antiproton Induced Fission and Fragmentation

PS208 Decay of Hot Nuclei at Low Spins Production by Antiproton-Annihilation in Heavy Nuclei

Total of 35 LEAR Experiments, 15(?) on annihilation: 350 publications
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Global features of proton-antiproton annihilation at rest

Charged particles : from bubble chamber data at rest (~1970, CERN &  Brookhaven) Ar69

Gh74 ~60% of all annihilationshave > 1 ⇡0
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contain ~7%    ,  ~6 %⌘
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K
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unknown before Crystal Barrel at LEAR

Ki81Fireball, pions evaporate from hot gas?

Prong  
(charged)

%

0 4.1 (+0.2-0.6)
2 43.2 (+0.9-0.7)
4 48.6 (+0.9-0.7)
6 4.1 (+0.2-0.2)

and

2⇡+2⇡�⇡0 : !⇢0,!f2(1270), ⇢ 3⇡...
<latexit sha1_base64="G50YaEd4g3FkVlDt01bSwv7Z8rg="></latexit>

e.g.

More complicated: 
• mostly via intermediate resonances:

• QN conservation rules from pp at rest (S, P atomic states)

Inclusive charged pion spectrum pp at rest

(ASTERIX)

Ah85

resolution

~350 MeV/c

(1320)Detector
cut

p

p [MeV/c] 0                200              400             600             800

±
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Pion multiplicity

Statistical distribution

1.6 GeV/c in Gargamelle (CERN) bubble chamber
with heavy liquid (propane-freon) and converting 
the photons (e+e-) from neutral pions

Charged + neutral 
pion multiplicity

< n(⇡±) >= 3.46± 0.04
<latexit sha1_base64="s3/fRlOsrsyR6elTXLAqlm38EHg=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSGVJUraqjAAqsTCWCT6kJpQOa7TWnWcyHaQqqgLC7/CwgBCrPwDG3+D22aAliNZPj7nXl3f48eMSmXb38bS8srq2npuI7+5tb2za+7tN2WUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD68nfuuBCEkjfqdGMfFC1Oc0oBgpLXXNowtedGN678bh6RW8hGWrUoX6AW3LrnTNgr6mgIvEyUgBZKh3zS+3F+EkJFxhhqTsOHasvBQJRTEj47ybSBIjPER90tGUo5BIL51uMYYnWunBIBL6cAWn6u+OFIVSjkJfV4ZIDeS8NxH/8zqJCs69lPI4UYTj2aAgYVBFcBIJ7FFBsGIjTRAWVP8V4gESCCsdXF6H4MyvvEiaJcspW6XbSqFWzeLIgUNwDIrAAWegBm5AHTQABo/gGbyCN+PJeDHejY9Z6ZKR9RyAPzA+fwBox5VD</latexit>

< n(⇡0) >= 1.92± 0.04
<latexit sha1_base64="M7V/rt8GlnRQa7OiePJymsIOWpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkJSiw9QKbhxWcE+oIllMp20QyeTMDMRSii48VfcuFDErT/hzr9x2mahrQcu93DOvczc48eMSmXb30ZuYXFpeSW/Wlhb39jcMrd3GjJKBCZ1HLFItHwkCaOc1BVVjLRiQVDoM9L0B9djv/lAhKQRv1PDmHgh6nEaUIyUljrm3gUvuTG9t4+u4CV0rPMydOMQ2pZd6ZhF3SaA88TJSBFkqHXML7cb4SQkXGGGpGw7dqy8FAlFMSOjgptIEiM8QD3S1pSjkEgvndwwgoda6cIgErq4ghP190aKQimHoa8nQ6T6ctYbi/957UQFZ15KeZwowvH0oSBhUEVwHAjsUkGwYkNNEBZU/xXiPhIIKx1bQYfgzJ48Txplyzm2yreVYvUkiyMP9sEBKAEHnIIquAE1UAcYPIJn8ArejCfjxXg3PqajOSPb2QV/YHz+AHJ3lCU=</latexit>

Fe77

1

n+!n�!n0!
, n = n+ + n� + n0

<latexit sha1_base64="vDStH4G6rRslFPrGt8OMm5JM9RU=">AAACHXicbVBNS8MwGE79nPOr6tFL5hCEudHOgV6EgRePE9wHrKWkWbqFpWlJUmGU/hEv/hUvHhTx4EX8N2ZbD7r5hDc8PM/7kryPHzMqlWV9Gyura+sbm4Wt4vbO7t6+eXDYkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vpn63QciJI34vZrExA3RkNOAYqS05JkNJxAIp3aWcq9S4l5Vl1XKzqEzOxocXkPtwYq+q7CibeiZZatmzQCXiZ2TMsjR8sxPZxDhJCRcYYak7NtWrNwUCUUxI1nRSSSJER6jIelrylFIpJvOtsvgqVYGMIiELq7gTP09kaJQykno684QqZFc9Kbif14/UcGVm1IeJ4pwPH8oSBhUEZxGBQdUEKzYRBOEBdV/hXiEdFxKB1rUIdiLKy+TTr1mX9Tqd41ys5HHUQDH4AScARtcgia4BS3QBhg8gmfwCt6MJ+PFeDc+5q0rRj5zBP7A+PoBMhOc5A==</latexit>

Distribution between neutral and charged 
    for a given number of pions n

Va88

Pa60,63

p at rest: distribution not available before LEAR (due to low 
antiproton fluxes at low energy). In particular no data on 
multineutral pion multiplicities

Factorial law:
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� = 1.04± 0.01
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< n(⇡0) >= 2.0± 0.2
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< n(⇡±) >= 3.0± 0.2
<latexit sha1_base64="WNVHZbATmVkfUMjoaoeNs2RRPbI=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIdTPMtKIuVApuXFawF+iMJZNm2tAkMyQZoZSCG1/FjQtF3PoS7nwb03YW2vpD4OM/53By/jBhVGnX/bYWFpeWV1Zza/n1jc2tbXtnt67iVGJSwzGLZTNEijAqSE1TzUgzkQTxkJFG2L8e1xsPRCoaizs9SEjAUVfQiGKkjdW29y9E0U/ovZ/w4yt4CcuOCw1D1ym17YLruBPBefAyKIBM1bb95XdinHIiNGZIqZbnJjoYIqkpZmSU91NFEoT7qEtaBgXiRAXDyQ0jeGScDoxiaZ7QcOL+nhgirtSAh6aTI91Ts7Wx+V+tleroPBhSkaSaCDxdFKUM6hiOA4EdKgnWbGAAYUnNXyHuIYmwNrHlTQje7MnzUC85Xtkp3Z4UKqdZHDlwAA5BEXjgDFTADaiCGsDgETyDV/BmPVkv1rv1MW1dsLKZPfBH1ucPbGGUww==</latexit>

Current status at rest: liquid H2

n

neutral + charged 
data (BBC + Crystal Barrel)

factorial law using data

fit to data 
assuming  <n> = 5

2p 0.50 (0.01) 0.33 (0.01)

3p 8.1 (0.5) 7.5 (0.4)

4p 20.9 (1.8) 16.5 (0.6) 

5p 33.3 (1.2) 30.0 (0.9)

6p 14.7 (1.4)

7p 7.0 (0.7)
%

K, ⌘,! ! ⇡0�...
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addtotal = 84.5 %,

pion multiplicity

e.g.           is known but not6⇡±
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6⇡0
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Fair to good agreement



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !11

ASTERIX

Solenoid 8kG (DM1 from LAL-Orsay)

105 MeV/c p̄
<latexit sha1_base64="itnmr5LD5sgLtfNje31X/Vj09LE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6jHgxWME84BkCb2TSTJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4bua3npg2PJGPdqJYGONQ8gGnaJ3U6kaoMzXtlcp+xZ+DrJIgJ2XIUe+Vvrr9hKYxk5YKNKYT+MqGGWrLqWDTYjc1TCEd45B1HJUYMxNm83On5NwpfTJItCtpyVz9PZFhbMwkjlxnjHZklr2Z+J/XSe3gNsy4VKllki4WDVJBbEJmv5M+14xaMXEEqebuVkJHqJFal1DRhRAsv7xKmtVKcFmpPlyVa9d5HAU4hTO4gABuoAb3UIcGUBjDM7zCm6e8F+/d+1i0rnn5zAn8gff5A5WCj7E=</latexit>

,  H2 gas at NTP

4 prong event

H2

µm
<latexit sha1_base64="ZdbqJkPrCLFRWhPUT6zSFGKPkxE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ac2oWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRFmvlKIDEbVGtu3c2BVolXkBoUaA2qX/4wJqmg0hCOte57bmKCDCvDCKezip9qmmAywSPat1RiQXWQ5RfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxPdBBmTSWqoJItFUcqRidH8fTRkihLDp5Zgopi9FZExVpgYG1LFhuAtv7xKOo26d1Fv3F/WmldFHGU4gVM4Bw+uoQl30II2EJDwDK/w5mjnxXl3PhatJaeYOYY/cD5/AJn5kNQ=</latexit>

6

cathode strips
7 MWPC

limited         capability with Pb converter�
<latexit sha1_base64="R2VWAqw8+9bPatMy+yOKj+GIh0I=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNb8KMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPhJ2PDQ==</latexit>

Ah90

argon/ethane X-ray drift chamber (>1 keV)

1982



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !12

Stopping p in H2 leads to pp atoms

Annihilation

capture: n = 30

Stark collision effect in

Ka

liquid H2:  S-annihilation2p

Annihilation

First observation of Ka Ah85b

gaseous H2:   P+S-annihilation

ASTERIX in gas at NTP

Reduce bremsstrahlung from prongs:

Zi88

0 prong + L-coincidence

La

Ka

1s level shift: -0.72 ± 0.04 keV
Width: 1.11 ± 0.07 keV            

LEAR:

Repulsive

Ba89

9.37 keV 

(e.g. next talk)

La



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !13

In gas @ NTP (no trigger): ~50/50   S/P

In liquid:

p

p

L = 1
p

p

L =0

Mostly annihilation from S-states:

Trigger on L-series:

NEW by ASTERIX!

Annihilation from P-state (2p):

BBC, Crystal Barrel

Vary target density: new annihilation spectroscopy

gas NTP: ~13% L/ann.
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Fraction of P-wave in liquid and gas at rest:

p̄p ! ⇡0⇡0
<latexit sha1_base64="eDHsakqKxeWmnGZVFQHS5civUT8=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5JUUZcFNy4r2Ac0sUymk3boZDLMTIQSu/BX3LhQxK2/4c6/cZpmoa0HZjiccy/33hMKRpV23W9raXlldW29tFHe3Nre2bX39lsqSSUmTZywRHZCpAijnDQ11Yx0hCQoDhlph6Prqd9+IFLRhN/psSBBjAacRhQjbaSefeiHSGZiInydOL6g927+9eyKW3VzOIvEK0gFCjR69pffT3AaE64xQ0p1PVfoIENSU8zIpOynigiER2hAuoZyFBMVZPn+E+fEKH0nSqR5XDu5+rsjQ7FS4zg0lTHSQzXvTcX/vG6qo6sgo1ykmnA8GxSlzDG3TsNw+lQSrNnYEIQlNbs6eIgkwtpEVjYhePMnL5JWreqdVWu355X6RRFHCY7gGE7Bg0uoww00oAkYHuEZXuHNerJerHfrY1a6ZBU9B/AH1ucPofKVzQ==</latexit>

0++, 1��, 2++...
<latexit sha1_base64="1ihVvcSDbZoJpgkzRdbmdhANBe0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLILQNSRV1WXDjsoJthTYtk+mkHTqZhJmJUEI2/oobF4q49TPc+TdO0yy09cCFM+fcy9x7vIhRqWz72yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKBw9JwignLUUVIw+RICjwGOl4k5uZ33kkQtKQ36tpRNwAjTj1KUZKSwPzyO4nlUpadfpJrZZW69nLsqyBWbYtOwNcJk5OyiBHc2B+9YYhjgPCFWZIyq5jR8pNkFAUM5KWerEkEcITNCJdTTkKiHST7IAUnmplCP1Q6OIKZurviQQFUk4DT3cGSI3lojcT//O6sfKv3YTyKFaE4/lHfsygCuEsDTikgmDFppogLKjeFeIxEggrnVlJh+AsnrxM2nXLObfqdxflxmUeRxEcgxNwBhxwBRrgFjRBC2CQgmfwCt6MJ+PFeDc+5q0FI585BH9gfP4A9E6UBg==</latexit>

0++, 2++...
<latexit sha1_base64="PF+g/20pGZTjyzzAUHA3wgczx+E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgVEJSRV0W3LisYB/QxjKZTtuhk0mYmRRK6J+4caGIW//EnX/jNM1CWw9c7uGce5k7J4g5U9p1v63C2vrG5lZxu7Szu7d/YB8eNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjO/mfmtCpWKReNTTmPohHgo2YARrI/Vs231KK5XZRTVrjuP07LLruBnQKvFyUoYc9Z791e1HJAmp0IRjpTqeG2s/xVIzwums1E0UjTEZ4yHtGCpwSJWfZpfP0JlR+mgQSVNCo0z9vZHiUKlpGJjJEOuRWvbm4n9eJ9GDWz9lIk40FWTx0CDhSEdoHgPqM0mJ5lNDMJHM3IrICEtMtAmrZELwlr+8SppVx7t0qg9X5dp1HkcRTuAUzsGDG6jBPdShAQQm8Ayv8Gal1ov1bn0sRgtWvnMMf2B9/gCtWpGz</latexit>

n3P0, n
3S1, n

3P2
<latexit sha1_base64="eE91Ad8cU2ZBPUrNtR8+Tw6qaiQ=">AAAB/3icbVDLSgMxFL1TX7W+qoIbN8EiuJAy04q6LLhxWdE+oB2HTJppQzOZIckIpXbhr7hxoYhbf8Odf2M6nYW2Hgj3cM693Jvjx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPr6Z+64FKxSJxp0cxdUPcFyxgBGsjecUDcV+te/YpMvXWc9Ja9ypesWSX7RRokTgZKUGGulf86vYikoRUaMKxUh3HjrU7xlIzwumk0E0UjTEZ4j7tGCpwSJU7Tu+foGOj9FAQSfOERqn6e2KMQ6VGoW86Q6wHat6biv95nUQHl+6YiTjRVJDZoiDhSEdoGgbqMUmJ5iNDMJHM3IrIAEtMtImsYEJw5r+8SJqVslMtV27OSrXzLI48HMIRnIADF1CDa6hDAwg8wjO8wpv1ZL1Y79bHrDVnZTP78AfW5w9fdJO3</latexit>

n3P0, n
3P2

<latexit sha1_base64="0vGHmiow1laCa+VjPDvw/rGfgk4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwYWUpBV1WXDjsoK9QBvDZDpph04mYWYi1NInceNCEbc+ijvfxmmahbb+MPDxn3M4Z/4g4Uxpx/m2CmvrG5tbxe3Szu7eftk+OGyrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzOudRyoVi8W9niTUi/BQsJARrI3l22XxUG/6zjlCGdR8u+JUnUxoFdwcKpCr6dtf/UFM0ogKTThWquc6ifamWGpGOJ2V+qmiCSZjPKQ9gwJHVHnT7PAZOjXOAIWxNE9olLm/J6Y4UmoSBaYzwnqklmtz879aL9XhtTdlIkk1FWSxKEw50jGap4AGTFKi+cQAJpKZWxEZYYmJNlmVTAju8pdXoV2ruvVq7e6i0rjM4yjCMZzAGbhwBQ24hSa0gEAKz/AKb9aT9WK9Wx+L1oKVzxzBH1mfPxlXkWM=</latexit>

suppressed in liquid H2

fp =
B(⇡0⇡0)liq

B(⇡+⇡�)2p/2
<latexit sha1_base64="BmHkMRP3FR4Y6XWLldAxYeSpwCg=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgVsSZVqhuh6MZlBfuAtobJdNIOnSTjzEQoIX/ixl9x40IRcde/cZJmoa0H5nI4517u3ONwRqUyzYmxsLi0vLKaW8uvb2xubRd2dpsyCAUmDRywQLQdJAmjPmkoqhhpc0GQ5zDSckY3id96IkLSwL9XY056Hhr41KUYKS3Zhaprc3gFu65AOLoudTl9MNNyZEeMPsZxJh4n5USLFR6fVmK7UDTLZgo4T6yMFEGGul347vYDHHrEV5ghKTuWyVUvQkJRzEic74aScIRHaEA6mvrII7IXpffF8FArfegGQj9fwVT9PREhT8qx5+hOD6mhnPUS8T+vEyr3shdRn4eK+Hi6yA0ZVAFMwoJ9KghWbKwJwoLqv0I8RDoqpSPN6xCs2ZPnSbNSts7KlbvzYq2axZED++AAlIAFLkAN3II6aAAMnsEreAcfxovxZnwaX9PWBSOb2QN/YEx+AKw7oXo=</latexit>

is hard to measure in liquid because of much stronger ⇡0⇡0⇡0
<latexit sha1_base64="wd7IhGcTjluBI8lDRb3j4ZTQy+A=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoMQm7AbQe0M2FhGMA/IrmF2MkmGzM4uM7NCXPINfoCNhSK21lZ+gp0fYu/kAWrigXs5nHMvc+cEMWdKO86ntbC4tLyymlnLrm9sbuXs7Z2aihJJaJVEPJKNACvKmaBVzTSnjVhSHAac1oP++civ31CpWCSu9CCmfoi7gnUYwdpILTvnxeza+WktO+8UnTHQPHGnJH/2Vvh6v/MOKy37w2tHJAmp0IRjpZquE2s/xVIzwukw6yWKxpj0cZc2DRU4pMpPx4cP0YFR2qgTSVNCo7H6eyPFoVKDMDCTIdY9NeuNxP+8ZqI7p37KRJxoKsjkoU7CkY7QKAXUZpISzQeGYCKZuRWRHpaYaJNV1oTgzn55ntRKRfeoWLp08uVjmCADe7APBXDhBMpwARWoAoEE7uERnqxb68F6tl4mowvWdGcX/sB6/QYeApZs</latexit>

  4p photon high resolution detector (Crystal Barrel) 
  and well defined stopping distribution (< 1 mm, 200 MeV/c @LEAR)

p̄p ! ⇡+⇡�,K+K�,K0K̄0
<latexit sha1_base64="Za28jur6Wy44T2wzlS91S8exNkY=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQq2WmirosuBFmU8E+oNOWTJq2oZmZkGSEMsw/uPFX3LhQxK0bd/6NmWkX2noguYdzzyW5x+OMSmVZ30ZuaXlldS2/XtjY3NreMXf3GjKMBCZ1HLJQtDwkCaMBqSuqGGlxQZDvMdL0xjdpv/lAhKRhcK8mnHR8NAzogGKktNQzT1wPiZgn3FWhy2m3lF5np0635OgCna6VGZyka/XMolW2MsBFYs9IEcxQ65lfbj/EkU8ChRmSsm1bXHViJBTFjCQFN5KEIzxGQ9LWNEA+kZ042ymBR1rpw0Eo9AkUzNTfEzHypZz4nnb6SI3kfC8V/+u1IzW47sQ04JEiAZ4+NIgYVCFMA4J9KghWbKIJwoLqv0I8QgJhpWMs6BDs+ZUXSaNSts/LlbuLYvVyFkceHIBDcAxscAWq4BbUQB1g8AiewSt4M56MF+Pd+Jhac8ZsZh/8gfH5A9LKnMo=</latexit>

• P wave in liquid:

• P-wave in gas (NTP): K0K̄0
<latexit sha1_base64="TxDX95t6gyzoWE9DXFUnSVvljCE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Ktkq6rHgReilgv2A7rZk02wbms0uSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFySCa4Pxt7O2vrG5tV3YKe7u7R8clo6OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxnczv/3ElOaxfDSThPkRGUoeckqMlbx6D3sBUVl92sP9UhlX8Bxolbg5KUOORr/05Q1imkZMGiqI1l0XJ8bPiDKcCjYteqlmCaFjMmRdSyWJmPaz+c1TdG6VAQpjZUsaNFd/T2Qk0noSBbYzImakl72Z+J/XTU1462dcJqlhki4WhalAJkazANCAK0aNmFhCqOL2VkRHRBFqbExFG4K7/PIqaVUr7mWl+nBVrl3ncRTgFM7gAly4gRrcQwOaQCGBZ3iFNyd1Xpx352PRuubkMyfwB87nD0TxkSU=</latexit>

fS  in gas (               , ASTERIX)

hence S-wave only

= B(liq)/87% = (8.7 ±  0.6 )  x 10-4

S-fraction
= (56  ±  7) % NTP

B(K0K0)S

fP = 1� fS
<latexit sha1_base64="uNx6HzxpAEZk2seHy7oqcxaf7tc=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBbBiyWpol6EghePFe0HtCFstpt26WYTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyd+q0RlYrF4lGPE+pFuC9YyAjWRvJCv45ukIvOQv8B+XbZqTgzoGXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RgqcESVl82OnqATo/RQGEtTQqOZ+nsiw5FS4ygwnRHWA7XoTcX/vE6qw2svYyJJNRVkvihMOdIxmiaAekxSovnYEEwkM7ciMsASE21yKpkQ3MWXl0mzWnHPK9X7i3LtMo+jCEdwDKfgwhXU4A7q0AACT/AMr/BmjawX6936mLcWrHzmEP7A+vwB91uQPA==</latexit>

KSKL
<latexit sha1_base64="NprjnSdjMqyEzBpMgcnAqF2h/hA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXoR6qGg/oF2WbJq2sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjq6nfuuJKs2keDDjmPoRHgjWZwQbKzVrwX0tuA2KJbfszoCWiZeREmSoB8Wvbk+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSQ32pbAmDZurviRRHWo+j0HZG2Az1ojcV//M6ielf+SkTcWKoIPNF/YQjI9H0ddRjihLDx5Zgopi9FZEhVpgYG1DBhuAtvrxMmpWyd1au3J2XqhdZHHk4gmM4BQ8uoQo3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A9/tjqE=</latexit>

C=-1:

Do88

KSKL
<latexit sha1_base64="NprjnSdjMqyEzBpMgcnAqF2h/hA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXoR6qGg/oF2WbJq2sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjq6nfuuJKs2keDDjmPoRHgjWZwQbKzVrwX0tuA2KJbfszoCWiZeREmSoB8Wvbk+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSQ32pbAmDZurviRRHWo+j0HZG2Az1ojcV//M6ielf+SkTcWKoIPNF/YQjI9H0ddRjihLDx5Zgopi9FZEhVpgYG1DBhuAtvrxMmpWyd1au3J2XqhdZHHk4gmM4BQ8uoQo3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A9/tjqE=</latexit>

Am92

and

KSKS
<latexit sha1_base64="HmSz8ir+mtgkSvNkQ/ULHLhyGL0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXgQvFe0HtkvJpmkbms0uyaxQlv4LLx4U8eq/8ea/MW33oK2PBB7vzTAzL4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zi2ohIPeA45n5IB0r0BaNopcfb7r19xKJbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3PjpbOMJObFKj/Qjbb9CMlN/d6Q0NGYcBrYypDg0i95U/M9rJ9i/8lOh4gS5YvNB/UQSjMj0fNITmjOUY0so08LuStiQasrQhlSwIXiLJy+TRqXsnZUrd+el6kUWRx6O4BhOwYNLqMIN1KAODBQ8wyu8OcZ5cd6dj3lpzsl6DuEPnM8fSROPUA==</latexit>

C=+1 hence P-wave only:

JPC =
<latexit sha1_base64="2bs2qLR8eqp3f6eez03sw83le28=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6kUI5CKeIpgHJDHMTnqTIbOzy8ysEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13lx8Lro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb9UXXqN59QaR7JBzOOsRvSgeQBZ9RYqXn3mNaqk5teoeiW3BnIMvEyUoQMtV7hq9OPWBKiNExQrdueG5tuSpXhTOAk30k0xpSN6ADblkoaou6ms3Mn5NQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjguptyGScGJZsvChJBTESmv5M+V8iMGFtCmeL2VsKGVFFmbEJ5G4K3+PIyaZRL3nmpfH9RrFxmceTgGE7gDDy4ggrcQg3qwGAEz/AKb07svDjvzse8dcXJZo7gD5zPH8Tujyg=</latexit>

Ba96
⇡0⇡0

<latexit sha1_base64="bzGa0/YjnJbcXskNmPYqyxs0wwE=">AAAB8XicbVC7SgNBFL3rM8ZX1NJmMAixCbsR1M6AjWUE88DsGmYns8mQ2dllZlYIS77BxsZCEVt/wcpPsPND7J1sUmjigXs5nHMv9+HHnClt21/WwuLS8spqbi2/vrG5tV3Y2W2oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9cjP3mHZWKReJaD2PqhbgnWMAI1ka6cWN2a2epUyjaZTsDmifOlBTP30vfH/fuUa1T+HS7EUlCKjThWKm2Y8faS7HUjHA6yruJojEmA9yjbUMFDqny0mzjETo0ShcFkTQhNMrU3x0pDpUahr6pDLHuq1lvLP7ntRMdnHkpE3GiqSCTQUHCkY7Q+HzUZZISzYeGYCKZ2RWRPpaYaPOkvHmCM3vyPGlUys5xuXJlF6snMEEO9uEASuDAKVThEmpQBwICHuAJni1lPVov1uukdMGa9uzBH1hvPywVlEY=</latexit>

fp = (13± 4)%
<latexit sha1_base64="8SMLxTTsxXL6kSIHHdRAXxc7isg=">AAAB/HicbVDLSsNAFJ3UV62vaFfiZrAUKkJJWlE3QsGNywr2AU0Ik+mkHTqThJmJEEL9FN24UMStH+LOr/AXnD4W2nrgwuGce7n3Hj9mVCrL+jJyK6tr6xv5zcLW9s7unrl/0JZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qe+J17IiSNwjuVxsTlaBDSgGKktOSZxcCL4RWs2HXoxByenUCn7Jklq2pNAZeJPSelxuFj8bT1DZue+en0I5xwEirMkJQ924qVmyGhKGZkXHASSWKER2hAepqGiBPpZtPjx7CslT4MIqErVHCq/p7IEJcy5b7u5EgN5aI3Ef/zeokKLt2MhnGiSIhni4KEQRXBSRKwTwXBiqWaICyovhXiIRIIK51XQYdgL768TNq1ql2v1m51Gudghjw4AsegAmxwARrgBjRBC2CQgifwAl6NB+PZeDPeZ605Yz5TBH9gfPwADGqUqw==</latexit>

Needs cascade calculation with potential models (hadronic widths) 
because n � 2

<latexit sha1_base64="70PwThEMMXyQcZAHtcRyyc2axgY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGUI8BLx4jmAckIcxOOsmQ2dnNzKwQlvyDeFBBEa9+gz/gTfDm3zh5HDSxoKGo6qa7y48E18Z1v53U0vLK6lp6PbOxubW9k93dq+gwVgzLLBShqvlUo+ASy4YbgbVIIQ18gVW/fzH2qzeoNA/ltRlG2AxoV/IOZ9RYqSZJo4sDUmhlc27enYAsEm9GcsX05+39++NHqZX9arRDFgcoDRNU67rnRqaZUGU4EzjKNGKNEWV92sW6pZIGqJvJ5N4RObJKm3RCZUsaMlF/TyQ00HoY+LYzoKan572x+J9Xj03nvJlwGcUGJZsu6sSCmJCMnydtrpAZMbSEMsXtrYT1qKLM2IgyNgRv/uVFUinkvZN84cqmcQpTpOEADuEYPDiDIlxCCcrAQMAdPMGzM3AenBfnddqacmYz+/AHztsPzcmTjw==</latexit>

contributes to

⇡0⇡0
<latexit sha1_base64="qPHhZbCXG9ijzUjJ2LQuAuS94uQ=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gPbtWTTbBuazS7JrFBK/4UXD4p49d9489+YbvegrQ8SHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGNzO/9cS1EbG6x3HC/YgOlAgFo2ilh24iHt3s65XKbsXNQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/QnVKJjk02I3NTyhbEQHvGOpohE3/iTbeEpOrdInYaztU0gy9XfHhEbGjKPAVkYUh2bRm4n/eZ0Uw2t/IlSSIldsPihMJcGYzM4nfaE5Qzm2hDIt7K6EDammDG1IRRuCt3jyMmlWK955pXp3Ua5d5nEU4BhO4Aw8uIIa3EIdGsBAwTO8wptjnBfn3fmYl644ec8R/IHz+QPieJBc</latexit>
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ASTERIX: 4 prong, L-coincidence, 

~10 x suppression from P-wave!

 Kl05, AMy

(8.7 ±  0.6 )  x 10-4

(7.4 ±  2.8 )  x 10-5

S

P

P-wave (ASTERIX)

K+K�
<latexit sha1_base64="MhzIWzU3fX8ghUpENqApFuWxoIc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGE3inoMeBFyiWAekGzC7GQ2GTM7s8zMCmHJP3jxoIhX/8ebf+PkcdDEgoaiqpvuriDmTBvX/XYyK6tr6xvZzdzW9s7uXn7/oK5logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG8nfuOJKs2keDCjmPoR7gsWMoKNleqVzlmlc97NF9yiOwVaJt6cFGCOajf/1e5JkkRUGMKx1i3PjY2fYmUY4XScayeaxpgMcZ+2LBU4otpPp9eO0YlVeiiUypYwaKr+nkhxpPUoCmxnhM1AL3oT8T+vlZjwxk+ZiBNDBZktChOOjEST11GPKUoMH1mCiWL2VkQGWGFibEA5G4K3+PIyqZeK3kWxdH9ZKF/N48jCERzDKXhwDWW4gyrUgMAjPMMrvDnSeXHenY9Za8aZzxzCHzifP3DMjlg=</latexit>

~5 x suppressed from P-wave!

2p

K0K̄0
<latexit sha1_base64="GP/HUwMMxQKlvTWQZ6F8Nsist70=">AAAB83icbVBNSwMxEJ34WetX1aOXYBE8ld0q2GPBi9BLBfsB3W3Jptk2NJtdkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL0gE18ZxvtHG5tb2zm5hr7h/cHh0XDo5bes4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmNzN/c4TU5rH8tFME+ZHZCR5yCkxVvIafccLiMoas74zKJWdirMAXiduTsqQozkofXnDmKYRk4YKonXPdRLjZ0QZTgWbFb1Us4TQCRmxnqWSREz72eLmGb60yhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmrPkZl0lqmKTLRWEqsInxPAA85IpRI6aWEKq4vRXTMVGEGhtT0Ybgrr68TtrVintdqT7clOu1PI4CnMMFXIELt1CHe2hCCygk8Ayv8IZS9ILe0ceydQPlM2fwB+jzB0WLkSc=</latexit>

Do88

Do88b

⇡
<latexit sha1_base64="4BL63Ajo6/u/vj1UTcJ3iTxRD5E=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHMJ9RUbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218G2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG9dFHCU4hTO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5A6M3je8=</latexit>

⇡
<latexit sha1_base64="4BL63Ajo6/u/vj1UTcJ3iTxRD5E=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHMJ9RUbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218G2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG9dFHCU4hTO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5A6M3je8=</latexit>

⇡
<latexit sha1_base64="4BL63Ajo6/u/vj1UTcJ3iTxRD5E=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHMJ9RUbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218G2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG9dFHCU4hTO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5A6M3je8=</latexit>

⇡
<latexit sha1_base64="4BL63Ajo6/u/vj1UTcJ3iTxRD5E=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHMJ9RUbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218G2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG9dFHCU4hTO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5A6M3je8=</latexit>

K
<latexit sha1_base64="x5jC70PKMVGgDRVnZGVIVvY2hxg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUqiyMPJ3AK5+DBNVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5+3jMc=</latexit>

K
<latexit sha1_base64="x5jC70PKMVGgDRVnZGVIVvY2hxg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUqiyMPJ3AK5+DBNVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5+3jMc=</latexit>

3P0(0
++)

<latexit sha1_base64="DdLfUvBboUdrh9TJBsdobuBJ090=">AAAB9XicdVDLSgMxFM34rPVVdekmWIRKYchMh7buCm5cVrAPaKclk2ba0MyDJKOUof/hxoUibv0Xd/6NmbaCih64cDjnXu69x4s5kwqhD2NtfWNzazu3k9/d2z84LBwdt2WUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHm15lfueOCsmi8FbNYuoGeBwynxGstDQYVJpDBEtokJbL84thoYjMy3rVdqoQmQjVLNvKiF1zKg60tJKhCFZoDgvv/VFEkoCGinAsZc9CsXJTLBQjnM7z/UTSGJMpHtOepiEOqHTTxdVzeK6VEfQjoStUcKF+n0hxIOUs8HRngNVE/vYy8S+vlyi/7qYsjBNFQ7Jc5CccqghmEcARE5QoPtMEE8H0rZBMsMBE6aDyOoSvT+H/pG2bVsW0b5xio7qKIwdOwRkoAQvUQANcgyZoAQIEeABP4Nm4Nx6NF+N12bpmrGZOwA8Yb58xhJD9</latexit>

L(qq̄)
<latexit sha1_base64="TFUUXC1YRBzKTGzritSYZBNnpG0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoMQm3AXRS0DNhYWEcwHXI6wt9kkS/Z2L7tzQjjyM2wsFLH119j5b9wkV2jig4HHezPMzAtjwQ247reTW1vf2NzKbxd2dvf2D4qHR02jEk1ZgyqhdDskhgkuWQM4CNaONSNRKFgrHN3O/NYT04Yr+QiTmAURGUje55SAlfz78rgTEp2Op+fdYsmtuHPgVeJlpIQy1LvFr05P0SRiEqggxvieG0OQEg2cCjYtdBLDYkJHZMB8SyWJmAnS+clTfGaVHu4rbUsCnqu/J1ISGTOJQtsZERiaZW8m/uf5CfRvgpTLOAEm6WJRPxEYFJ79j3tcMwpiYgmhmttbMR0STSjYlAo2BG/55VXSrFa8i0r14bJUu8riyKMTdIrKyEPXqIbuUB01EEUKPaNX9OaA8+K8Ox+L1pyTzRyjP3A+fwDPC5Do</latexit>

= 1

3P0(0
++),3P2(2

++)
<latexit sha1_base64="nQmejWR55sGijLvJTO3OPXHLrWA=">AAACDHicbVDLSgMxFL1TX7W+qi7dRItQqZSZqajLghuXFewD2mnJpJk2NPMgyQhl6Ae48VfcuFDErR/gzr8xbWehrQcCh3PO5eYeN+JMKtP8NjIrq2vrG9nN3Nb2zu5efv+gIcNYEFonIQ9Fy8WSchbQumKK01YkKPZdTpvu6GbqNx+okCwM7tU4oo6PBwHzGMFKS718oVvpHNd6Jiqa3aRUmpydo7liI1S055JOmWVzBrRMrJQUIEWtl//q9EMS+zRQhGMp25YZKSfBQjHC6STXiSWNMBnhAW1rGmCfSieZHTNBp1rpIy8U+gUKzdTfEwn2pRz7rk76WA3lojcV//PasfKunYQFUaxoQOaLvJgjFaJpM6jPBCWKjzXBRDD9V0SGWGCidH85XYK1ePIyadhlq1K27y4K1cu0jiwcwQkUwYIrqMIt1KAOBB7hGV7hzXgyXox342MezRjpzCH8gfH5A6WGluU=</latexit>

Pari
ty

Dynamic selection rule 
     not understood! 

 Quarks in 3P0 model?

(2.87 ± 0.51) x 10-4
Origin of suppression?

KS

K0K̄0
<latexit sha1_base64="GP/HUwMMxQKlvTWQZ6F8Nsist70=">AAAB83icbVBNSwMxEJ34WetX1aOXYBE8ld0q2GPBi9BLBfsB3W3Jptk2NJtdkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL0gE18ZxvtHG5tb2zm5hr7h/cHh0XDo5bes4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmNzN/c4TU5rH8tFME+ZHZCR5yCkxVvIafccLiMoas74zKJWdirMAXiduTsqQozkofXnDmKYRk4YKonXPdRLjZ0QZTgWbFb1Us4TQCRmxnqWSREz72eLmGb60yhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmrPkZl0lqmKTLRWEqsInxPAA85IpRI6aWEKq4vRXTMVGEGhtT0Ybgrr68TtrVintdqT7clOu1PI4CnMMFXIELt1CHe2hCCygk8Ayv8IZS9ILe0ceydQPlM2fwB+jzB0WLkSc=</latexit>

KSKS
<latexit sha1_base64="HmSz8ir+mtgkSvNkQ/ULHLhyGL0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXgQvFe0HtkvJpmkbms0uyaxQlv4LLx4U8eq/8ea/MW33oK2PBB7vzTAzL4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zi2ohIPeA45n5IB0r0BaNopcfb7r19xKJbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3PjpbOMJObFKj/Qjbb9CMlN/d6Q0NGYcBrYypDg0i95U/M9rJ9i/8lOh4gS5YvNB/UQSjMj0fNITmjOUY0so08LuStiQasrQhlSwIXiLJy+TRqXsnZUrd+el6kUWRx6O4BhOwYNLqMIN1KAODBQ8wyu8OcZ5cd6dj3lpzsl6DuEPnM8fSROPUA==</latexit>

K
<latexit sha1_base64="x5jC70PKMVGgDRVnZGVIVvY2hxg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUqiyMPJ3AK5+DBNVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5+3jMc=</latexit>

K
<latexit sha1_base64="x5jC70PKMVGgDRVnZGVIVvY2hxg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY8BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJb/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvUqiyMPJ3AK5+DBNVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5+3jMc=</latexit>
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Liquid (BBC) ⇢+
<latexit sha1_base64="tZfTUYWrmNqWdWxwwJtkDvjrEzw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfVY8OKxgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz209UaSbFvZnE1I/wULCQEWys1OqpkXw465crbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwms/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6RVq3rn1drdRaV+mcdRhCM4hlPw4ArqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz86j47c</latexit>⇢0

<latexit sha1_base64="ywKPnHrgKJxqaulQ625fRnYxFRM=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0q6rHgxWMF+wHtWrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7OqhevB6pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSbNa8c8r1buLcu0yj6MAx3ACZ+DDFdTgFurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A0IjjuE=</latexit> ⇢⇡
<latexit sha1_base64="HwhVA71N6JLwflTpZxNGTJzINqA=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9gO6S8mm2TY0m4QkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bRmaa0BaRXOpujA3lTNCWZZbTrtIUpzGnnXh8N/M7T1QbJsWjnSgapXgoWMIItk7qhHokQ8X6lapf8+dAqyQoSBUKNPuVr3AgSZZSYQnHxvQCX9kox9oywum0HGaGKkzGeEh7jgqcUhPl83On6NwpA5RI7UpYNFd/T+Q4NWaSxq4zxXZklr2Z+J/Xy2xyG+VMqMxSQRaLkowjK9HsdzRgmhLLJ45gopm7FZER1phYl1DZhRAsv7xK2vVacFmrP1xVG9dFHCU4hTO4gABuoAH30IQWEBjDM7zCm6e8F+/d+1i0rnnFzAn8gff5A2arj5I=</latexit>

3S1
<latexit sha1_base64="S/2XsastYkujr/w6h4pM3Qhc1tc=">AAAB7nicbVDLTgJBEOz1ifhCPXoZJSaeyC4Y9UjixSNGeSSwktmhFybMzm5mZk0I4SO8eNAYr36PN//GAfagYCWdVKq6090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/WbT6g0j+WDGSXoR7QvecgZNVZqPlY6J/ddr1souiV3BrJMvIwUIUOtW/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs3Ak5s0qPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjtj7lMUoOSzReFqSAmJtPfSY8rZEaMLKFMcXsrYQOqKDM2obwNwVt8eZk0yiWvUirfXRSrl1kcOTiGUzgHD66gCrdQgzowGMIzvMKbkzgvzrvzMW9dcbKZI/gD5/MHAwyOqQ==</latexit>

mostly (from angular distribution)
1S0

<latexit sha1_base64="XBLpQa+gltpu3S58xW29sJYGcJE=">AAAB7nicbVDLTgJBEOzFF+IL9ehllJh4Irto1COJF48Y5ZHASmaHBibMzm5mZk3Iho/w4kFjvPo93vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fip+eh1ju+7brdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR27oScWqVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/tp1zGiUHJ5ov6iSAmItPfSY8rZEaMLaFMcXsrYUOqKDM2oYINwVt8eZk0KmXvvFy5uyhVL7M48nAEJ3AGHlxBFW6hBnVgMIJneIU3J3ZenHfnY96ac7KZQ/gD5/MH/meOpg==</latexit>

suppressed

puzzle⇢⇡
<latexit sha1_base64="RzhWadYhv1cAxjje2oLExR9uW1w=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXZVKlj13BjcsK9gGdoWTSTBuaSUKSEcrQj3DjQhG3fo87/8ZMW0FFD1w4nHMv994TKc6M9f0Pb219Y3Nru7BT3N3bPzgsHR13jUw1oR0iudT9CBvKmaAdyyynfaUpTiJOe9H0Ovd791QbJsWdnSkaJngsWMwItk7qBXoiA8WGpbJf8X0fIQRzguo135Fms1FFDYhyy6EMVmgPS+/BSJI0ocISjo0ZIF/ZMMPaMsLpvBikhipMpnhMB44KnFATZotz5/DcKSMYS+1KWLhQv09kODFmlkSuM8F2Yn57ufiXN0ht3AgzJlRqqSDLRXHKoZUw/x2OmKbE8pkjmGjmboVkgjUm1iVUdCF8fQr/J91qBV1WqrdX5VZtFUcBnIIzcAEQqIMWuAFt0AEETMEDeALPnvIevRfvddm65q1mTsAPeG+fs6GPyA==</latexit>

Ma90

f2(1270)
<latexit sha1_base64="E2hvD2ayXzCTo6TcCwJzr3JbgGY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUTUlG6WNXcOOygn1IO5RMmmlDM5khyQhl6Fe4caGIWz/HnX9jpq2gogcuHM65l3vv8WPBtUHow8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSPZ9oJrhkbcONYL1YMRL6gnX96VXmd++Z0jySt2YWMy8kY8kDTomx0l0wdMvYraHzYbGEKgghjDHMCK5VkSWNRt3FdYgzy6IEVmgNi++DUUSTkElDBdG6j1FsvJQow6lg88Ig0SwmdErGrG+pJCHTXro4eA7PrDKCQaRsSQMX6veJlIRaz0LfdobETPRvLxP/8vqJCepeymWcGCbpclGQCGgimH0PR1wxasTMEkIVt7dCOiGKUGMzKtgQvj6F/5OOW8EXFffmstSsruLIgxNwCsoAgxpogmvQAm1AQQgewBN4dpTz6Lw4r8vWnLOaOQY/4Lx9As+SjxQ=</latexit>

no charged mode: I = 0

2p

2++, I=0, m=1565, G=134 MeV

supernumerary tensor meson

H2 gas

f2(1565)
<latexit sha1_base64="7mRVdteyDXdcyT20t4DbMxu1hMA=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBahXkKSpmm9Fbx4rGBbpQ1ls920S3eTsLsRSuiv8OJBEa/+HG/+GzdtBRV9MPB4b4aZeUHCqFSW9WEU1tY3NreK26Wd3b39g/LhUVfGqcCkg2MWi9sAScJoRDqKKkZuE0EQDxjpBdPL3O/dEyFpHN2oWUJ8jsYRDSlGSkt34dCp2nWvfj4sVyzzouk5rgct07IatmPnxGm4NRfaWslRASu0h+X3wSjGKSeRwgxJ2betRPkZEopiRualQSpJgvAUjUlf0whxIv1scfAcnmllBMNY6IoUXKjfJzLEpZzxQHdypCbyt5eLf3n9VIVNP6NRkioS4eWiMGVQxTD/Ho6oIFixmSYIC6pvhXiCBMJKZ1TSIXx9Cv8nXce0a6Zz7VZa3iqOIjgBp6AKbNAALXAF2qADMODgATyBZ0MYj8aL8bpsLRirmWPwA8bbJ+1Tjyc=</latexit>

strong signal

is also not understood

AMyFo68

⇡+⇡�
<latexit sha1_base64="Gnum2MUseicTIPx5a9RembeQbeU=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxUUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeujG7PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaVYr3nmlendRrl3mcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A9Y/kFQ=</latexit>

⇡+⇡�
<latexit sha1_base64="Gnum2MUseicTIPx5a9RembeQbeU=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxUUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeujG7PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaVYr3nmlendRrl3mcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A9Y/kFQ=</latexit>

⇡±⇡0
<latexit sha1_base64="V1D/DuiHU7GkALbAtnqeWkCbChU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ad0xpJJM21oMhOSjFCG/oYbF4q49Wfc+Tdm2llo64HLPZxzL7k5oeRMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NUEdomCU9UL8SachbTtmGG055UFIuQ0244uc397hNVmiXxg5lKGgg8ilnECDZW8n3JHn0p8uYOqjW37s6BVolXkBoUaA2qX/4wIamgsSEca933XGmCDCvDCKezip9qKjGZ4BHtWxpjQXWQzW+eoTOrDFGUKFuxQXP190aGhdZTEdpJgc1YL3u5+J/XT010E2QslqmhMVk8FKUcmQTlAaAhU5QYPrUEE8XsrYiMscLE2JgqNgRv+curpNOoexf1xv1lrXlVxFGGEziFc/DgGppwBy1oAwEJz/AKb07qvDjvzsditOQUO8fwB87nD8ejkXk=</latexit>

⇢�
<latexit sha1_base64="9iWy4dV+g1CBYNhAFKf99qrXaqY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3inosePFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWavXUSD6c9csVt+pmQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfppdO0UnVhmgUCpbwqBM/T2R4kjrSRTYzgibkV70ZuJ/Xjcx4bWfMhEnhgoyXxQmHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdKqVb3zau3uolK/zOMowhEcwyl4cAV1uIUGNIHAIzzDK7w50nlx3p2PeWvByWcO4Q+czx89l47e</latexit>

⇡+⇡�⇡0
<latexit sha1_base64="GTTnDzUsC9+EgYYE4va3yyuEhhY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQSxJFXVZcOOygn1AG8tkOmmHTiZhZiLU0C9x40IRt36KO//GSZuFth6Yy+Gce7l3jh9zprTjfFuFldW19Y3iZmlre2e3bO/tt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj28yv/1IpWKRuNeTmHohHgoWMIK1kfp2uRezh9OsnGXF6dsVp+rMgJaJm5MK5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOp6VeomiMyRgPaddQgUOqvHR2+BQdG2WAgkiaJzSaqb8nUhwqNQl90xliPVKLXib+53UTHVx7KRNxoqkg80VBwpGOUJYCGjBJieYTQzCRzNyKyAhLTLTJqmRCcBe/vExatap7Xq3dXVTql3kcRTiEIzgBF66gDrfQgCYQSOAZXuHNerJerHfrY95asPKZA/gD6/MHyASSeg==</latexit>

Dalitz plot

ASTERIX

Benefit from P-wave annihilation: at last a baryonium state?

?p̄p ! 2++ (baryonium) ⇡0
<latexit sha1_base64="SCcWMk4tazrISW/R3E6+lDklQWk=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoFMtMFXVZcOOygn1Apy2ZNG1Dk0xIMkIZ5ivc+CtuXCjiVtz5N6aPhbYeuHA4517uvSeUjGrjed9OZmV1bX0ju5nb2t7Z3XP3D+o6ihUmNRyxSDVDpAmjgtQMNYw0pSKIh4w0wtHNxG88EKVpJO7NWJI2RwNB+xQjY6WuexaESCUylYGJYLmTFItpAAtJoDi0xjgSNObpaQBhIGnH67p5r+RNAZeJPyd5MEe1634FvQjHnAiDGdK65XvStBOkDMWMpLkg1kQiPEID0rJUIE50O5m+lcITq/RgP1K2hIFT9fdEgrjWYx7aTo7MUC96E/E/rxWb/nU7oULGhgg8W9SPGbQRTDKCPaoINmxsCcKK2lshHiKFsLFJ5mwI/uLLy6ReLvnnpfLdRb5yOY8jC47AMSgAH1yBCrgFVVADGDyCZ/AK3pwn58V5dz5mrRlnPnMI/sD5/AGsh55g</latexit>



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !17

Crystal Barrel Annihilation at rest in liquid, but with multiple photon detection (           )                                    

•15 kGauss
•1380 CsI (Tl) crystals (97% x 4p)

•Jet drift chamber for charged products

 10�
<latexit sha1_base64="Fylz6KwpXNNGeXj8BM0UKo0BLGc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXjxWsB/QXUs2zbahSXZNskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4up767UeqNIvlnRknNBB4IFnECDZWuvc5fUCei/wBFgL3yhW36s6AlomXkwrkaPTKX34/Jqmg0hCOte56bmKCDCvDCKeTkp9qmmAywgPatVRiQXWQza6eoBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XTU10FWRMJqmhkswXRSlHJkbTCFCfKUoMH1uCiWL2VkSGWGFibFAlG4K3+PIyadWq3lm1dnteqV/kcRThCI7hFDy4hDrcQAOaQEDBM7zCm/PkvDjvzse8teDkM4fwB87nDytBkZw=</latexit>

1

23

4

5
6
7

p

CO2/isobutane

RMP98

• Emphasis on meson spectroscopy:  new mesons discovered:

f0(1370),⇡1(1400), ⌘(1410), a0(1450), f0(1500), ⌘2(1645)
<latexit sha1_base64="33tXxTuv1IHFCBnuESElYd+3hts="></latexit>

with large data samples -> T-matrix analyses

• Annihilation into 2 and 3 mesons

• Radiative annihilation



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !18

pp -> p0p0p0

f0(1500) is a serious glueball 
candidate 

Am96

New

6 entries/event

100’000 events!

6g events

at rest

• no background from ⇢0 ⇡0⇡0
<latexit sha1_base64="7XKti9bMVPjjWn/b4sYydRjtGWM=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVVJQcBYiYWxSPQhNWnluE5r1XEi20Gqoi78CgsDCLHyGWz8DW6aAVqO5aujc+6VfU+QcKa043xbK6tr6xubpa3y9s7u3r59cNhScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC+nfntRyoVi8WDniTUj/BQsJARrI3Ut489OYp7DvLmJ2E9Jy99u+JUnRxombgFqUCBRt/+8gYxSSMqNOFYqa7rJNrPsNSMcDote6miCSZjPKRdQwWOqPKzfIEpOjPKAIWxNFdolKu/JzIcKTWJAtMZYT1Si95M/M/rpjq88TMmklRTQeYPhSlHOkazNNCASUo0nxiCiWTmr4iMsMREm8zKJgR3ceVl0qpV3Ytq7f6yUr8q4ijBCZzCObhwDXW4gwY0gcAUnuEV3qwn68V6tz7mrStWMXMEf2B9/gA2UZTW</latexit>

• C-parity conservation and neutral (non strange) mesons have a well defined C-parity

C(⇡±)
<latexit sha1_base64="+q3e2LvqHhpPCKdM7JOLZnYvrS8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16WSxCvZTdKuqx0IvHCvYDu2vJptk2NMmGJCuU0n/hxYMiXv033vw3pu0etPXBwOO9GWbmRZJRbTzv28mtrW9sbuW3Czu7e/sHxcOjlk5ShUkTJyxRnQhpwqggTUMNIx2pCOIRI+1oVJ/57SeiNE3EvRlLEnI0EDSmGBkrPdTLgaSPgeTnvWLJq3hzuKvEz0gJMjR6xa+gn+CUE2EwQ1p3fU+acIKUoZiRaSFINZEIj9CAdC0ViBMdTuYXT90zq/TdOFG2hHHn6u+JCeJaj3lkOzkyQ73szcT/vG5q4ptwQoVMDRF4sShOmWsSd/a+26eKYMPGliCsqL3VxUOkEDY2pIINwV9+eZW0qhX/olK9uyzVrrI48nACp1AGH66hBrfQgCZgEPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AptaQNg==</latexit>

Fewer partial waves, simpler analysis

is not definedwhile

Scalar and tensor mesons in

60% of all annihilations have more than 1 ⇡0
<latexit sha1_base64="FTmYFXFJbUS65cINKqFm0aWW9dg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBjdBBOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJs1b1Lqq1+8tK/SqPowgncArn4ME11OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHcVCOZw==</latexit>Terra incognita before LEAR:

e.g. C(⇡0) = +1
<latexit sha1_base64="vbXFVPQQSA73BBdWkZZnHmeXFrQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkFfUiFHrxWMF+QJuWzXbTLt1swu5GKaH/w4sHRbz6X7z5b9y2OWjrg4HHezPMzPMizpS27W8rs7a+sbmV3c7t7O7tH+QPj5oqjCWhDRLyULY9rChngjY005y2I0lx4HHa8sa1md96pFKxUDzoSUTdAA8F8xnB2ki9WrEbsZ59jm7RBXL6+YJdsudAq8RJSQFS1Pv5r+4gJHFAhSYcK9Vx7Ei7CZaaEU6nuW6saITJGA9px1CBA6rcZH71FJ0ZZYD8UJoSGs3V3xMJDpSaBJ7pDLAeqWVvJv7ndWLt37gJE1GsqSCLRX7MkQ7RLAI0YJISzSeGYCKZuRWREZaYaBNUzoTgLL+8SprlklMple8vC9WrNI4snMApFMGBa6jCHdShAQQkPMMrvFlP1ov1bn0sWjNWOnMMf2B9/gAs0JBO</latexit>
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Am96

more 6g events…



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !20

Annihilation at rest into two neutral mesons (4g , Crystal Barrel)

wrong comb.

Branching ratios:  10-3 - 10-4

π0η
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ηη
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π0η'
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6 entries/event

RMP98

Ge85

⌘ =
1p
2
(uū+ dd̄) sin(✓i � ✓P )� ss̄ cos(✓i � ✓P )

<latexit sha1_base64="rEOLq8c8L5tLyiM2dOS/83cIxVQ="></latexit>

⌘0 =
1p
2
(uū+ dd̄) cos(✓i � ✓P ) + ss̄ sin(✓i � ✓P )

<latexit sha1_base64="JeP/TQpwJdiUHrZWEUqpPAMimkE="></latexit>

D

{

no        in the pp system:ss̄
<latexit sha1_base64="ZLRGSNSj5BZ2a6z1hvRwxxWFEJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fipq/sBVZmeDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNv55Av</latexit>

ss̄
<latexit sha1_base64="ZLRGSNSj5BZ2a6z1hvRwxxWFEJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fipq/sBVZmeDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNv55Av</latexit>

B(⌘⌘)

B(⌘⌘0)
=

(sin2 �)2

2(sin� cos�)2
=

tan2 �

2
<latexit sha1_base64="nUbWfFOU2Jh35aW/Fn3EuJjqxr8="></latexit>

Prediction, for example:

(apart from phase space factors)

iideal mixing angle

: pseudoscalar mixing angle✓P
<latexit sha1_base64="68iZ1w8BkHBh/p/nGilEzw1x8XQ=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ae0Q8mkmTY0kxmTO0IZ+hNuXCji1t9x59+YtrPQ1gOBwznnkntPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/0S9X3Ko7B1klXk4qkMPmv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nt93Ss6sMiBhrO1TSObq74mMRsZMosAmI4ojs+zNxP+8borhjZ8JlaTIFVt8FKaSYExmx5OB0JyhnFhCmRZ2V8JGVFOGtqKSLcFbPnmVtGpV76Jau7+s1K/yOopwAqdwDh5cQx3uoAFNYCDhGV7hzXl0Xpx352MRLTj5zDH8gfP5A/oVj+M=</latexit>

! ! ⇡0� (missing)
<latexit sha1_base64="Bi8BPvKCuQtebG2sCC3bDqwN2Sk=">AAACEXicbVBLSwMxGMzWV62vVY9egkWol7JbC3osePFYwT6gu5Zsmm5D81iSrFCW/gUv/hUvHhTx6s2b/8a03YO2DgQmM99HMhMljGrjed9OYW19Y3OruF3a2d3bP3APj9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHw98zsPRGkqxZ2ZJCTkKBZ0SDEyVuq7lUByEiMYGAmDhN57QYw4t3dYyQLFIadaUxFPz/tu2at6c8BV4uekDHI0++5XMJA45UQYzJDWPd9LTJghZShmZFoKUk0ShMcoJj1LBeJEh9k80RSeWWUAh1LZIwycq783MsS1nvDITnJkRnrZm4n/eb3UDK/CjIokNUTgxUPDlEEbf1YPHFBFsGETSxBW1P4V4hFSCBtbYsmW4C9HXiXtWtW/qNZu6+VGPa+jCE7AKagAH1yCBrgBTdACGDyCZ/AK3pwn58V5dz4WowUn3zkGf+B8/gD7/5xx</latexit>

✓P = �24.5� (linear) ,�11.3�(quadratic)
<latexit sha1_base64="XSt0OSb7gvWIIMb1bkrryhX/k4g="></latexit>

K,⇡, ⌘, ⌘0
<latexit sha1_base64="Kk9WuWGNBhDToqhH2GvJZ+Kusbk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovoQkpSRV0W3AhuKtgHtKFMpjft0MkkzEyEEOqvuHGhiFs/xJ1/47TNQlsPzOVwzr3cO8ePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEgKTRrxSHZ8ooAzAU3NNIdOLIGEPoe2P76Z+u1HkIpF4kGnMXghGQoWMEq0kfp2+e4M92JmCmgyryd9u+JUnRnwMnFzUkE5Gn37qzeIaBKC0JQTpbquE2svI1IzymFS6iUKYkLHZAhdQwUJQXnZ7PgJPjbKAAeRNE9oPFN/T2QkVCoNfdMZEj1Si95U/M/rJjq49jIm4kSDoPNFQcKxjvA0CTxgEqjmqSGESmZuxXREJKHa5FUyIbiLX14mrVrVPa/W7i8q9cs8jiI6REfoFLnoCtXRLWqgJqIoRc/oFb1ZT9aL9W59zFsLVj5TRn9gff4AGv2TGA==</latexit>

masses:From mass formula)
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⇡0⌘
<latexit sha1_base64="iAHlg9lGc6GKYqmatfBYz/h+wDw=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Vjw4rGC/ZAmls120i7dbMLuRCilv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk0hwZPZKLbITMghYIGCpTQTjWwOJTQCoc3U7/1BNqIRN3jKIUgZn0lIsEZWunBT8Wj6wOybqnsVtwZ6DLxclImOerd0pffS3gWg0IumTEdz00xGDONgkuYFP3MQMr4kPWhY6liMZhgPDt4Qk+t0qNRom0ppDP198SYxcaM4tB2xgwHZtGbiv95nQyj62AsVJohKD5fFGWSYkKn39Oe0MBRjixhXAt7K+UDphlHm1HRhuAtvrxMmtWKd16p3l2Ua5d5HAVyTE7IGfHIFamRW1InDcJJTJ7JK3lztPPivDsf89YVJ585In/gfP4Ade+QJQ==</latexit>

as expected, 
consistent results

Annihilation Rearrangement

i

j

i

j

p

p

p

p

A R

i, j = uū or dd̄
<latexit sha1_base64="E0ZZKQ6QPmHEreXlI12hzglPVls=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISWpom6EghuXFewDmlAmk0k7dpIJ8xBKyA+48VfcuFDErXt3/o3TtAutHrhwOOde7r0nSBmVynG+rNLC4tLySnm1sra+sbllb++0JdcCkxbmjItugCRhNCEtRRUj3VQQFAeMdILR1cTv3BMhKU9u1TglfowGCY0oRspIffuAHsM7eAm1FyCR6dyDmSdiyEUOPRgWYpj37apTcwrAv8SdkSqYodm3P72QYx2TRGGGpOy5Tqr8DAlFMSN5xdOSpAiP0ID0DE1QTKSfFd/k8NAoIYy4MJUoWKg/JzIUSzmOA9MZIzWU895E/M/raRVd+BlNUq1IgqeLIs2g4nASDQypIFixsSEIC2puhXiIBMLKBFgxIbjzL/8l7XrNPanVb06rjbNZHGWwB/bBEXDBOWiAa9AELYDBA3gCL+DVerSerTfrfdpasmYzu+AXrI9vvuOatw==</latexit>

uū, dd̄
<latexit sha1_base64="bOHABhoZJ/yQdUvcQjjppvXXVYg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqaIuC25cVrAXaEOZTKbt0MmFuYgl5FXcuFDErS/izrdxmmahrT8MfPznHM6Z3084k8pxvq3S2vrG5lZ5u7Kzu7d/YB9WOzLWgtA2iXksej6WlLOIthVTnPYSQXHoc9r1p7fzeveRCsni6EHNEuqFeByxESNYGWtoV/XAxyLV2TkKcgqyoV1z6k4utApuATUo1BraX4MgJjqkkSIcS9l3nUR5KRaKEU6zykBLmmAyxWPaNxjhkEovzW/P0KlxAjSKhXmRQrn7eyLFoZSz0DedIVYTuVybm//V+lqNbryURYlWNCKLRSPNkYrRPAgUMEGJ4jMDmAhmbkVkggUmysRVMSG4y19ehU6j7l7UG/eXteZVEUcZjuEEzsCFa2jCHbSgDQSe4Ble4c3KrBfr3fpYtJasYuYI/sj6/AEK+ZRn</latexit>

no

Sign of quark dynamics

Calculate the pseudoscalar mixing angle:

⇡0⌘/⇡0⌘0
<latexit sha1_base64="1yU8ILStonMdaDF0YSz8z4k33Q8=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL6KomVdRlwY3LCvYCTSyT6Uk7dDIJMxOhhuKruHGhiFvfw51v4/SCaOsPAx//OYdz5g8SzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVp5JCjcY8ls2AKOBMQE0zzaGZSCBRwKER9K9G9cY9SMVicasHCfgR6QoWMkq0sdr2npewO8cDTU5+6KhtF52SMxaeB3cKRTRVtW1/ep2YphEITTlRquU6ifYzIjWjHIYFL1WQENonXWgZFCQC5Wfj64f40DgdHMbSPKHx2P09kZFIqUEUmM6I6J6arY3M/2qtVIeXfsZEkmoQdLIoTDnWMR5FgTtMAtV8YIBQycytmPaIJFSbwAomBHf2y/NQL5fc01L55qxYOZ/GkUf76AAdIxddoAq6RlVUQxQ9oCf0gl6tR+vZerPeJ605azqzi/7I+vgGUi2Ucw==</latexit>

⌘⌘/⌘⌘0
<latexit sha1_base64="Bm8bi6a5rIoOMH4CoYjlHcZfbGo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuqpJFXVZcOOygr1AG8pketIOnUzCzEQsoa/ixoUibn0Rd76NkzaCtv5w4OM/5zBnfj/mTGnH+bIKK6tr6xvFzdLW9s7unr1fbqkokRSaNOKR7PhEAWcCmpppDp1YAgl9Dm1/fJP12w8gFYvEvZ7E4IVkKFjAKNHG6tvlHmiS1dkPnPTtilN1ZsLL4OZQQbkaffuzN4hoEoLQlBOluq4Tay8lUjPKYVrqJQpiQsdkCF2DgoSgvHR2+xQfG2eAg0iaEhrP3N8bKQmVmoS+mQyJHqnFXmb+1+smOrj2UibiRIOg84eChGMd4SwIPGASqOYTA4RKZm7FdEQkodrEVTIhuItfXoZWreqeV2t3F5X6ZR5HER2iI3SKXHSF6ugWNVATUfSIntALerWm1rP1Zr3PRwtWvnOA/sj6+AZ1T5QF</latexit>

!⌘/!⌘0
<latexit sha1_base64="VzpOIqSoRYJ4i1a3fTE2a/XDzoE=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYRFc1qaIuC25cVrAXaEKZTE/aoZNJmJkIJXbhq7hxoYhbX8Odb+O0DajVHwY+/nMO58wfJJwp7TifVmFhcWl5pbhaWlvf2Nyyt3eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTeqtO5CKxeJWjxLwI9IXLGSUaGN17T0vjqBPPNDk5BuPunbZqThT4b/g5lBGuepd+8PrxTSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m94/xofG6eEwluYJjafuz4mMREqNosB0RkQP1HxtYv5X66Q6vPQzJpJUg6CzRWHKsY7xJAzcYxKo5iMDhEpmbsV0QCSh2kRWMiG481/+C81qxT2tVG/OyrXzPI4i2kcH6Bi56ALV0DWqowai6B49omf0Yj1YT9ar9TZrLVj5zC76Jev9C5yhlcs=</latexit>

⌘⇢0/⌘0⇢0
<latexit sha1_base64="WAZhrOjhyaMtvMyK2o31BeIPUpc=">AAAB/3icbZDLSsNAFIZP6q3WW1Rw42awiK5qUkVdFty4rGAv0MQymU7aoZNJmJkIpXbhq7hxoYhbX8Odb+OkzUKrPwx8/Occzpk/SDhT2nG+rMLC4tLySnG1tLa+sbllb+80VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUMr7J6655KxWJxq0cJ9SPcFyxkBGtjde09j2rsyUF855xkeDTjrl12Ks5U6C+4OZQhV71rf3q9mKQRFZpwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHYMCR1T54+n9E3RonB4KY2me0Gjq/pwY40ipURSYzgjrgZqvZeZ/tU6qw0t/zESSairIbFGYcqRjlIWBekxSovnIACaSmVsRGWCJiTaRlUwI7vyX/0KzWnFPK9Wbs3LtPI+jCPtwAMfgwgXU4Brq0AACD/AEL/BqPVrP1pv1PmstWPnMLvyS9fENAS6VZw==</latexit>

dd̄, dd̄
<latexit sha1_base64="nYZ467hETwhy3hO7DZGpAsX6wIY=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILqQkVdRlwY3LCvYCbSiTyaQdOpmEmYlYQl7FjQtF3Poi7nwbp20Ebf1h4OM/53DO/H7CmdKO82WtrK6tb2yWtsrbO7t7+/ZBpa3iVBLaIjGPZdfHinImaEszzWk3kRRHPqcdf3wzrXceqFQsFvd6klAvwkPBQkawNtbArgR9H8ssyM/QDw3sqlNzZkLL4BZQhULNgf3ZD2KSRlRowrFSPddJtJdhqRnhNC/3U0UTTMZ4SHsGBY6o8rLZ7Tk6MU6AwliaJzSaub8nMhwpNYl80xlhPVKLtan5X62X6vDay5hIUk0FmS8KU450jKZBoIBJSjSfGMBEMnMrIiMsMdEmrrIJwV388jK06zX3vFa/u6g2Los4SnAEx3AKLlxBA26hCS0g8AhP8AKvVm49W2/W+7x1xSpmDuGPrI9v1YaURQ==</latexit>

no

If A dominates: less consistent, contribution from R
e.g.

BR(⇢0⇢0) = BR(!!)
<latexit sha1_base64="UsvuRulIskwCfYNBaG87Lji/YbA=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0mzJTC7oRim5cVrEPaMeSSTNtaDIZkoxQhn6AG3/FjQtF3PoB7vwbM51ZaOuFXA7nnMvNPV7IqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVuJSGLSwoIJ2fWQIowGpKWpZqQbSoK4x0jHm1wleueBSEVFcKenIXE5GgXUpxhpQw2Kpcvbcl+Oxb2d9gq8gAklOBmhtFeMy67a84LLwMlACWTVHBS/+kOBI04CjRlSqufYoXZjJDXFjMwK/UiREOEJGpGegQHiRLnx/JgZPDHMEPpCmhdoOGd/T8SIKzXlnnFypMdqUUvI/7RepP1zN6ZBGGkS4HSRHzGoBUySgUMqCdZsagDCkpq/QjxGEmFt8iuYEJzFk5dBu1Z1Tqu1m3qpUc/iyIMjcAzKwAFnoAGuQRO0AAaP4Bm8gjfryXqx3q2P1JqzsplD8Keszx+yY5l2</latexit>

BR(⇢0⇢0) = (1.2± 1.2)⇥ 10�3
<latexit sha1_base64="C/3w1raOz8GuSmUDm44E7WcKV6g=">AAACGHicbVDLTgIxFO3gC/E16tJNIzGBheMMkOjGhOjGJRp5JMxAOqVAQ6czaTsmZMJnuPFX3LjQGLfs/BsLzELBk7Q9Oefe3N7jR4xKZdvfRmZtfWNzK7ud29nd2z8wD48aMowFJnUcslC0fCQJo5zUFVWMtCJBUOAz0vRHtzO/+USEpCF/VOOIeAEacNqnGCktdc2Lm4eCK4Zhx17cRXgNC45Vgm4UQP0WoatoQCR07E5yXp50zbxt2XPAVeKkJA9S1Lrm1O2FOA4IV5ghKduOHSkvQUJRzMgk58aSRAiP0IC0NeVID/OS+WITeKaVHuyHQh+u4Fz93ZGgQMpx4OvKAKmhXPZm4n9eO1b9Ky+hPIoV4XgxqB8zqEI4Swn2qCBYsbEmCAuq/wrxEAmElc4yp0NwlldeJY2S5ZSt0n0lX62kcWTBCTgFBeCAS1AFd6AG6gCDZ/AK3sGH8WK8GZ/G16I0Y6Q9x+APjOkPESicAA==</latexit>

BR(!!) = (3.32± 0.34)⇥ 10�2
<latexit sha1_base64="6qr0yY7buYAHkb4TgPI9jd7v8gY=">AAACGnicbVDLSgMxFM3UV62vUZdugkVoFw4znYJuhKIbl1XsAzq1ZNK0DU0yQ5IRytDvcOOvuHGhiDtx49+YPhbaeiDhcM693HtPGDOqtOt+W5mV1bX1jexmbmt7Z3fP3j+oqyiRmNRwxCLZDJEijApS01Qz0owlQTxkpBEOryZ+44FIRSNxp0cxaXPUF7RHMdJG6tje5W0hiDjpo9lfhBew4Dt+CQYxh67jl4sw0JQTBT33Pj0tjTt23nXcKeAy8eYkD+aoduzPoBvhhBOhMUNKtTw31u0USU0xI+NckCgSIzxEfdIyVCAzrJ1OTxvDE6N0YS+S5gkNp+rvjhRxpUY8NJUc6YFa9Cbif14r0b3zdkpFnGgi8GxQL2FQR3CSE+xSSbBmI0MQltTsCvEASYS1STNnQvAWT14m9ZLj+U7pppyvlOdxZMEROAYF4IEzUAHXoApqAINH8AxewZv1ZL1Y79bHrDRjzXsOwR9YXz+3CJzg</latexit>

if A dominates

contribution from R

(deg)✓P
<latexit sha1_base64="68iZ1w8BkHBh/p/nGilEzw1x8XQ=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ae0Q8mkmTY0kxmTO0IZ+hNuXCji1t9x59+YtrPQ1gOBwznnkntPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/0S9X3Ko7B1klXk4qkMPmv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nt93Ss6sMiBhrO1TSObq74mMRsZMosAmI4ojs+zNxP+8borhjZ8JlaTIFVt8FKaSYExmx5OB0JyhnFhCmRZ2V8JGVFOGtqKSLcFbPnmVtGpV76Jau7+s1K/yOopwAqdwDh5cQx3uoAFNYCDhGV7hzXl0Xpx352MRLTj5zDH8gfP5A/oVj+M=</latexit>

⌘⇢0/!⇡0
<latexit sha1_base64="tN2jvsNJ6yo4Wami4XLKixu7i7Y=">AAAB/3icbVBNS8NAEN34WetXVPDiJVgETzWpoh4LXjxWsB/QpGWznbRLd7NhdyOU2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAsTRpV23W9raXlldW29sFHc3Nre2bX39htKpJJAnQgmZCvEChiNoa6pZtBKJGAeMmiGw5uJ33wAqaiI7/UogYDjfkwjSrA2Utc+9EFjXw5Exz3zBYc+9hPacbt2yS27UziLxMtJCeWode0vvydIyiHWhGGl2p6b6CDDUlPCYFz0UwUJJkPch7ahMeaggmx6/9g5MUrPiYQ0FWtnqv6eyDBXasRD08mxHqh5byL+57VTHV0HGY2TVENMZouilDlaOJMwnB6VQDQbGYKJpOZWhwywxESbyIomBG/+5UXSqJS983Ll7qJUvczjKKAjdIxOkYeuUBXdohqqI4Ie0TN6RW/Wk/VivVsfs9YlK585QH9gff4AV5mVnw==</latexit>

⌘0⇢0/!⇡0
<latexit sha1_base64="IlF+x5y8GPaYtNBzTFTrlVKeDGo=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksoqeaVFGPBS8eK9gPaNKy2U7apZts2N0IJfTiX/HiQRGv/gxv/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+pRCopNKjgQrYDooCzGBqaaQ7tRAKJAg6tYHQz9VsPIBUT8b0eJ+BHZBCzkFGijdSzDzzQ5MSTQ9F1zjwRwYB4Ces6PbvsVJwZ8F/i5qSMctR79qfXFzSNINaUE6U6rpNoPyNSM8phUvJSBQmhIzKAjqExiUD52eyBCT42Sh+HQpqKNZ6pPycyEik1jgLTGRE9VIveVPzP66Q6vPYzFiephpjOF4Upx1rgaRq4zyRQzceGECqZuRXTIZGEapNZyYTgLr78lzSrFfe8Ur27KNcu8ziK6BAdoVPkoitUQ7eojhqIogl6Qi/o1Xq0nq03633eWrDymX30C9bHN7w2ldA=</latexit>

⌘⌘/⇡0⇡0
<latexit sha1_base64="gEgIOrG5Hu6MrkjKNyB2N9vs/vE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFc1aSKuiy4cVnBPqCJZTK9aYdOHsxMhBDqr7hxoYhbP8Sdf+MkzUJbD9zhcM693DvHizmTyrK+jZXVtfWNzcpWdXtnd2/fPDjsyigRFDo04pHoe0QCZyF0FFMc+rEAEngcet70Jvd7jyAki8J7lcbgBmQcMp9RorQ0NGsOKJLXmROzB6t4hmbdalgF8DKxS1JHJdpD88sZRTQJIFSUEykHthUrNyNCMcphVnUSCTGhUzKGgaYhCUC6WXH8DJ9oZYT9SOgKFS7U3xMZCaRMA093BkRN5KKXi/95g0T5127GwjhRENL5Ij/hWEU4TwKPmACqeKoJoYLpWzGdEEGo0nlVdQj24peXSbfZsM8bzbuLeuuyjKOCjtAxOkU2ukItdIvaqIMoStEzekVvxpPxYrwbH/PWFaOcqaE/MD5/AO2ilEI=</latexit>

⇢0⇢0
<latexit sha1_base64="yViwj0CiYZKOGeV/dICP1mJMHow=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ad0xpJJM21oJhmSjFCG/oYbF4q49Wfc+Tem01lo64F7OZxzL7k5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3M797hNVmknxYKYJDWI8EixiBBsr+b4ay0d30QfVmlt3c6BV4hWkBgVag+qXP5QkjakwhGOt+56bmCDDyjDC6azip5ommEzwiPYtFTimOsjym2fozCpDFEllSxiUq783MhxrPY1DOxljM9bL3lz8z+unJroJMiaS1FBBFg9FKUdGonkAaMgUJYZPLcFEMXsrImOsMDE2pooNwVv+8irpNOreRb1xf1lrXhVxlOEETuEcPLiGJtxBC9pAIIFneIU3J3VenHfnYzFacoqdY/gD5/MHiJeRUA==</latexit>

!!
<latexit sha1_base64="qspqkhEDYttznfHkGql7o3giuC8=">AAAB83icbVDLSgMxFM34rPVVdekmWARXZaaKuiy4cVnBPqAzlEx6pw3NY0gyQhn6G25cKOLWn3Hn35i2s9DWA/dyOOdecnPilDNjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fhu5neeQBum5KOdpBAJMpQsYZRYJ4WhEjAki96vVP2aPwdeJUFBqqhAs1/5CgeKZgKkpZwY0wv81EY50ZZRDtNymBlICR2TIfQclUSAifL5zVN87pQBTpR2JS2eq783ciKMmYjYTQpiR2bZm4n/eb3MJrdRzmSaWZB08VCScWwVngWAB0wDtXziCKGauVsxHRFNqHUxlV0IwfKXV0m7Xgsua/WHq2rjuoijhE7RGbpAAbpBDXSPmqiFKErRM3pFb17mvXjv3sdidM0rdk7QH3ifPyFSkbQ=</latexit>

!!
<latexit sha1_base64="qspqkhEDYttznfHkGql7o3giuC8=">AAAB83icbVDLSgMxFM34rPVVdekmWARXZaaKuiy4cVnBPqAzlEx6pw3NY0gyQhn6G25cKOLWn3Hn35i2s9DWA/dyOOdecnPilDNjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fhu5neeQBum5KOdpBAJMpQsYZRYJ4WhEjAki96vVP2aPwdeJUFBqqhAs1/5CgeKZgKkpZwY0wv81EY50ZZRDtNymBlICR2TIfQclUSAifL5zVN87pQBTpR2JS2eq783ciKMmYjYTQpiR2bZm4n/eb3MJrdRzmSaWZB08VCScWwVngWAB0wDtXziCKGauVsxHRFNqHUxlV0IwfKXV0m7Xgsua/WHq2rjuoijhE7RGbpAAbpBDXSPmqiFKErRM3pFb17mvXjv3sdidM0rdk7QH3ifPyFSkbQ=</latexit>⇢0⇢0

<latexit sha1_base64="yViwj0CiYZKOGeV/dICP1mJMHow=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ad0xpJJM21oJhmSjFCG/oYbF4q49Wfc+Tem01lo64F7OZxzL7k5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3M797hNVmknxYKYJDWI8EixiBBsr+b4ay0d30QfVmlt3c6BV4hWkBgVag+qXP5QkjakwhGOt+56bmCDDyjDC6azip5ommEzwiPYtFTimOsjym2fozCpDFEllSxiUq783MhxrPY1DOxljM9bL3lz8z+unJroJMiaS1FBBFg9FKUdGonkAaMgUJYZPLcFEMXsrImOsMDE2pooNwVv+8irpNOreRb1xf1lrXhVxlOEETuEcPLiGJtxBC9pAIIFneIU3J3VenHfnYzFacoqdY/gD5/MHiJeRUA==</latexit>



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !22

1 Open Axial Field Magnet (ISR) 6 kG @ center
3 TOF scintillators
5 Jet chamber
6 EM calorimeters (Pb-streamer tubes sandwich)

OBELIX

p̄p and n̄p
<latexit sha1_base64="pw/f1hVy35Efjz1V0WpM7hqNJHw=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlBwFiJhbFI9CE1UeU4TmvVcSzbQaqizCz8CgsDCLHyBWz8DW6aAVqOdKXjc+6V7z2BYFRpx/m2Kiura+sb1c3a1vbO7p69f9BVSSox6eCEJbIfIEUY5aSjqWakLyRBccBIL5jczPzeA5GKJvxeTwXxYzTiNKIYaSMN7WMvQDITufAgzDwZQ8TDHJpHofNcwKFddxpOAbhM3JLUQYn20P7ywgSnMeEaM6TUwHWE9jMkNcWM5DUvVUQgPEEjMjCUo5goPytOyeGpUUIYJdIU17BQf09kKFZqGgemM0Z6rBa9mfifN0h1dO1nlItUE47nH0UpgzqBs1xgSCXBmk0NQVhSsyvEYyQR1ia9mgnBXTx5mXSbDfe80by7qLcuyziq4AicgDPggivQAregDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgD6zPH+8Hmbs=</latexit>

Scattering and annihilation cross sections 

Antineutron beam < 400 MeV/cp̄p ! n̄n
<latexit sha1_base64="6gnDjOm63Fa72/c+u89U0FV4GuA=">AAAB/nicbVDLSgMxFL3js9ZXVVy5CRbBVZmpoi4LblxWsA/oDCWTZtrQTCYkGaEMBX/FjQtF3Pod7vwb0+kstPVA4OSce7n3nlBypo3rfjsrq2vrG5ulrfL2zu7efuXgsK2TVBHaIglPVDfEmnImaMsww2lXKorjkNNOOL6d+Z1HqjRLxIOZSBrEeChYxAg2VupXjv0Qq0xOJfJNgvKPmFq96tbcHGiZeAWpQoFmv/LlDxKSxlQYwrHWPc+VJsiwMoxwOi37qaYSkzEe0p6lAsdUB1m+/hSdWWWAokTZJwzK1d8dGY61nsShrYyxGelFbyb+5/VSE90EGRMyNVSQ+aAo5cheOssCDZiixPCJJZgoZndFZIQVJsYmVrYheIsnL5N2veZd1Or3l9XGVRFHCU7gFM7Bg2towB00oQUEMniGV3hznpwX5935mJeuOEXPEfyB8/kDcTSVwg==</latexit>

p
LH2 n

H2

Veto TOF
⇡,K

<latexit sha1_base64="+gdEhqtUe5fcb6fPHWnXMYvh4tU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCBym7VdRjwYvgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBAsYgQbKzW7CTtDdz237FW8GdAy8XNShhz1nvvV7UuSxlQYwrHWHd9LTJBhZRjhdFLqppommIzwgHYsFTimOshm107QiVX6KJLKljBopv6eyHCs9TgObWeMzVAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgr/48jJpViv+eaV6f1GuXeZxFOEIjuEUfLiCGtxCHRpA4BGe4RXeHOm8OO/Ox7y14OQzh/AHzucPpS+Oeg==</latexit>

Br03

412 MeV/c antiprotons
(minimum is  98 MeV/c)



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !23

Advantages of low energy n: 
• no Coulomb interaction (for cross sections)
• no energy loss, no range straggling
• np is isospin 1 only (fewer partial waves),
• no spectator compared to pn in p-deuterium

Disadvantages: 
• uncertainty in the incident n (E) flux 
• low flux (~40 n/106  p)

Bre03

Bre03 Br90

Annihilation cross sections

np

P

S

pn distribution

pp • no resonances
• P-wave strong (attraction)
•

�(n̄p) < �(p̄p)
<latexit sha1_base64="aiMA8Fr6O/6NcvoIC1R4NZ55nCM=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsxUURcuCm5cVrAP6Awlk2ba0CQzJBmhDP0AN/6KGxeKuPUD3Pk3po9FbT0QOJxzLjf3hAln2rjuj7Oyura+sZnbym/v7O7tFw4OGzpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gg9ux33ykSrNYPphhQgOBe5JFjGBjpU6h6GvWE7jkh1hlcpScoRs0LyVWsim37E6Alok3I0WYodYpfPvdmKSCSkM41rrtuYkJMqwMI5yO8n6qaYLJAPdo21KJBdVBNjlmhE6t0kVRrOyTBk3U+YkMC62HIrRJgU1fL3pj8T+vnZroOsiYTFJDJZkuilKOTIzGzaAuU5QYPrQEE8XsXxHpY4WJsf3lbQne4snLpFEpe+flyv1FsXo5qyMHx3ACJfDgCqpwBzWoA4EneIE3eHeenVfnw/mcRlec2cwR/IHz9QvNOprJ</latexit>

@ very low energy 

strong attraction in I = 0

�(n̄p) ' �(p̄p)
<latexit sha1_base64="Sl5maqbK6UZHE2Y8tflH5GF4MyU=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZKuqy4MZlBXuBzlAyaaYNTTIxyQhl6Cu48VXcuFDErTt3vo1pO4va+kPg5zvncHL+SDKqjef9OCura+sbm4Wt4vbO7t6+e3DY1EmqMGnghCWqHSFNGBWkYahhpC0VQTxipBUNbyb11iNRmibi3owkCTnqCxpTjIxFXbccaNrnqBxESGViLM+gBZw8wHkuLe+6Ja/iTQWXjZ+bEshV77rfQS/BKSfCYIa07vieNGGGlKGYkXExSDWRCA9Rn3SsFYgTHWbTi8bw1JIejBNlnzBwSucnMsS1HvHIdnJkBnqxNoH/1Tqpia/DjAqZGiLwbFGcMmgSOIkH9qgi2LCRNQgrav8K8QAphI0NsWhD8BdPXjbNasU/r1TvLkq1yzyOAjgGJ6AMfHAFauAW1EEDYPAEXsAbeHeenVfnw/mcta44+cwR+CPn6xc7Ep06</latexit>
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Evidence for an I = 2 meson

Fi00

spin 0

Dalitz plot fit

I= 2: not a quark-antiquark state (tetraquark?)

35’118 events 

⇢
<latexit sha1_base64="znBoXCTE4F/82wSOQHjCgsXykno=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXcOOygn1AG8pkOmmGzmTCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0wZVdpxPqzSxubW9k55t7K3f3B4VD0+6SmRSUy6WDAhByFShNGEdDXVjAxSSRAPGemHs+vC798TqahI7vQ8JQFH04RGFCNdSCMZi3G15thXrYbnN6BjO07T9dyCeE2/7kPXKAVqYI3OuPo+mgiccZJozJBSQ9dJdZAjqSlmZFEZZYqkCM/QlAwNTRAnKsiXty7ghVEmMBLSVKLhUv0+kSOu1JyHppMjHavfXiH+5Q0zHbWCnCZppkmCV4uijEEtYPE4nFBJsGZzQxCW1NwKcYwkwtrEUzEhfH0K/yc9z3brtnfr19qNdRxlcAbOwSVwQRO0wQ3ogC7AIAYP4Ak8W9x6tF6s11VryVrPnIIfsN4+AX1tjoE=</latexit>

f2(1270)
<latexit sha1_base64="oJ/pyLlYnnU3PWoJnHkz9/i1+Ig=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAh1UyZpaOqu4MZlBfuQNpTJdNIOnUzCzEQooV/hxoUibv0cd/6Nk7aCih64cDjnXu69J0g4UxqhD2ttfWNza7uwU9zd2z84LB0dd1ScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTK9yv3tPpWKxuNWzhPoRHgsWMoK1ke7CoVOxHQ9dDEtlVL1s1B23DlEVIc927Jw4nltzoW2UHGWwQmtYeh+MYpJGVGjCsVJ9GyXaz7DUjHA6Lw5SRRNMpnhM+4YKHFHlZ4uD5/DcKCMYxtKU0HChfp/IcKTULApMZ4T1RP32cvEvr5/qsOFnTCSppoIsF4UphzqG+fdwxCQlms8MwUQycyskEywx0Sajognh61P4P+k4VbtWdW7ccrO+iqMATsEZqAAbeKAJrkELtAEBEXgAT+DZktaj9WK9LlvXrNXMCfgB6+0T4quPIA==</latexit>

f2(1565)
<latexit sha1_base64="7mRVdteyDXdcyT20t4DbMxu1hMA=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBahXkKSpmm9Fbx4rGBbpQ1ls920S3eTsLsRSuiv8OJBEa/+HG/+GzdtBRV9MPB4b4aZeUHCqFSW9WEU1tY3NreK26Wd3b39g/LhUVfGqcCkg2MWi9sAScJoRDqKKkZuE0EQDxjpBdPL3O/dEyFpHN2oWUJ8jsYRDSlGSkt34dCp2nWvfj4sVyzzouk5rgct07IatmPnxGm4NRfaWslRASu0h+X3wSjGKSeRwgxJ2betRPkZEopiRualQSpJgvAUjUlf0whxIv1scfAcnmllBMNY6IoUXKjfJzLEpZzxQHdypCbyt5eLf3n9VIVNP6NRkioS4eWiMGVQxTD/Ho6oIFixmSYIC6pvhXiCBMJKZ1TSIXx9Cv8nXce0a6Zz7VZa3iqOIjgBp6AKbNAALXAF2qADMODgATyBZ0MYj8aL8bpsLRirmWPwA8bbJ+1Tjyc=</latexit>

1420
<latexit sha1_base64="WVAETZB0/iADXSUdpK9UO1JZUMw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tc2u4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnF3nfu+eSEVjcafnCQk4mggaUYx0Lrk1zxmVK47tN+v1ahM6tuP4nt8wxPd9t+FC1yg5KmCN9qj8PhzHOOVEaMyQUgPXSXSQIakpZmRRGqaKJAjP0IQMDBWIExVky1sX8MIoYxjF0pTQcKl+n8gQV2rOQ9PJkZ6q314u/uUNUh01g4yKJNVE4NWiKGVQxzB/HI6pJFizuSEIS2puhXiKJMLaxFMyIXx9Cv8nXc92q7Z3W6u0rtZxFMEZOAeXwAUN0AI3oA06AIMpeABP4Nni1qP1Yr2uWgvWeuYU/ID19gld7I3G</latexit>

M = 1420± 20,� = 100± 10
<latexit sha1_base64="9uikcYeqN48xkx5JwHBdhyv6fqU=">AAACDXicbZDLSgMxFIYzXmu9jbp0E6yCCymZsagboeBCN0IFe4HOUDJppg1NZoYkI5TSF3Djq7hxoYhb9+58GzPtLLT1h8DPd87h5PxBwpnSCH1bC4tLyyurhbXi+sbm1ra9s9tQcSoJrZOYx7IVYEU5i2hdM81pK5EUi4DTZjC4yurNByoVi6N7PUyoL3AvYiEjWBvUsQ9v4SV0Ki6CXiKgi06gd42FwBlFU+igjl1CZTQRnDdObkogV61jf3ndmKSCRppwrFTbQYn2R1hqRjgdF71U0QSTAe7RtrERFlT5o8k1Y3hkSBeGsTQv0nBCf0+MsFBqKALTKbDuq9laBv+rtVMdXvgjFiWpphGZLgpTDnUMs2hgl0lKNB8ag4lk5q+Q9LHERJsAiyYEZ/bkedNwy85p2b2rlKpneRwFsA8OwDFwwDmoghtQA3VAwCN4Bq/gzXqyXqx362PaumDlM3vgj6zPH8IIluo=</latexit>

MeV

1420
<latexit sha1_base64="WVAETZB0/iADXSUdpK9UO1JZUMw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tc2u4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnF3nfu+eSEVjcafnCQk4mggaUYx0Lrk1zxmVK47tN+v1ahM6tuP4nt8wxPd9t+FC1yg5KmCN9qj8PhzHOOVEaMyQUgPXSXSQIakpZmRRGqaKJAjP0IQMDBWIExVky1sX8MIoYxjF0pTQcKl+n8gQV2rOQ9PJkZ6q314u/uUNUh01g4yKJNVE4NWiKGVQxzB/HI6pJFizuSEIS2puhXiKJMLaxFMyIXx9Cv8nXc92q7Z3W6u0rtZxFMEZOAeXwAUN0AI3oA06AIMpeABP4Nni1qP1Yr2uWgvWeuYU/ID19gld7I3G</latexit>

JPC(IG) = 0++(2+)
<latexit sha1_base64="9PoCSCfcda4xSxEdiDQGpUgjVpM=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvQUigzVdSNUOjCx6qCfUA7UzJp2oZmMkOSEcrQhRt/xY0LRdz6Ee78G9N2Ftp64MLJOfeSe48XMiqVZX0bqZXVtfWN9GZma3tnd8/cP2jIIBKY1HHAAtHykCSMclJXVDHSCgVBvsdI0xtVp37zgQhJA36vxiFxfDTgtE8xUlrqmtlbN65VJzB/414V4CW03LhY1M+yWyx0zZxVsmaAy8ROSA4kqHXNr04vwJFPuMIMSdm2rVA5MRKKYkYmmU4kSYjwCA1IW1OOfCKdeHbEBB5rpQf7gdDFFZypvydi5Es59j3d6SM1lIveVPzPa0eqf+HElIeRIhzPP+pHDKoAThOBPSoIVmysCcKC6l0hHiKBsNK5ZXQI9uLJy6RRLtknpfLdaa5ylsSRBllwBPLABuegAq5BDdQBBo/gGbyCN+PJeDHejY95a8pIZg7BHxifP4xXlMg=</latexit>

log(L)

n̄p ! ⇡+⇡�⇡+
<latexit sha1_base64="0CmvTP4oLE+fKuMV7SQMuBNLHGU=">AAACBHicbVDNS8MwHE39nPOr6nGX4BAEcbRT1OPAi8cJ7gPWOtIs3cLSNCSpMMoOXvxXvHhQxKt/hDf/G9OuB918kPB47/cjeS8QjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEhMWjhmsewGSBFGOWlpqhnpCklQFDDSCcbXmd95IFLRmN/piSB+hIachhQjbaS+XfECJFM+FZ6OoSfo/Ul2neasb1edmpMDLhK3IFVQoNm3v7xBjJOIcI0ZUqrnOkL7KZKaYkamZS9RRCA8RkPSM5SjiCg/zUNM4ZFRBjCMpTlcw1z9vZGiSKlJFJjJCOmRmvcy8T+vl+jwyk8pF4kmHM8eChMGTeCsETigkmDNJoYgLKn5K8QjJBHWpreyKcGdj7xI2vWae1ar355XGxdFHSVQAYfgGLjgEjTADWiCFsDgETyDV/BmPVkv1rv1MRtdsoqdA/AH1ucPHf6Xsw==</latexit>

1420
<latexit sha1_base64="WVAETZB0/iADXSUdpK9UO1JZUMw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tc2u4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnF3nfu+eSEVjcafnCQk4mggaUYx0Lrk1zxmVK47tN+v1ahM6tuP4nt8wxPd9t+FC1yg5KmCN9qj8PhzHOOVEaMyQUgPXSXSQIakpZmRRGqaKJAjP0IQMDBWIExVky1sX8MIoYxjF0pTQcKl+n8gQV2rOQ9PJkZ6q314u/uUNUh01g4yKJNVE4NWiKGVQxzB/HI6pJFizuSEIS2puhXiKJMLaxFMyIXx9Cv8nXc92q7Z3W6u0rtZxFMEZOAeXwAUN0AI3oA06AIMpeABP4Nni1qP1Yr2uWgvWeuYU/ID19gld7I3G</latexit>

(OBELIX)
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Violation of the OZI rule

Apart from phase space factors = 5 x 10-3

Assuming no        in the nucleon: OZI rule suppresses     production ss̄
<latexit sha1_base64="eYjbjnBSsRjZZrIJI9zLu5gJko4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbRqVe+iWru/rNSv8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdwgZAx</latexit>

�⇡0
<latexit sha1_base64="T5bmoE84ruUeaLHfF+IPuq5iCtI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9kO6a8mm2TY0yYYkK5TSX+HFgyJe/Tne/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNk2aa0AZJearbMTaUM0kblllO20pTLGJOW/HwZuq3nqg2LJX3dqRoJHBfsoQRbJ30EKoBCxV79Lulsl/xZ0DLJMhJGXLUu6WvsJeSTFBpCcfGdAJf2WiMtWWE00kxzAxVmAxxn3YclVhQE41nB0/QqVN6KEm1K2nRTP09McbCmJGIXafAdmAWvan4n9fJbHIdjZlUmaWSzBclGUc2RdPvUY9pSiwfOYKJZu5WRAZYY2JdRkUXQrD48jJpVivBeaV6d1GuXeZxFOAYTuAMAriCGtxCHRpAQMAzvMKbp70X7937mLeuePnMEfyB9/kDgZqQLA==</latexit>

�
<latexit sha1_base64="iwSDH1zqEZaHi1AyKW3v+7D0J8k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k99KRIP1K1a25c5BV4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnx07JuVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoNcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzKdsQvOWXV0mrXvMua/WHq2rjuoijBKdwBhfgwQ004B6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9oQY5h</latexit>

!⇡0
<latexit sha1_base64="wO/CTSDw2J8xsBW6Qu9mEu475Qg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqqMeCF48V7AcksWy2k3bpbjbsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmKLSp5FL1IqKBswTahhkOvVQBERGHbjS+nfndJ1CayeTBTFIIBRkmLGaUGCv5gRQwJEHKHt1+tebW3TnwKvEKUkMFWv3qVzCQNBOQGMqJ1r7npibMiTKMcphWgkxDSuiYDMG3NCECdJjPT57iM6sMcCyVrcTgufp7IidC64mIbKcgZqSXvZn4n+dnJr4Jc5akmYGELhbFGcdG4tn/eMAUUMMnlhCqmL0V0xFRhBqbUsWG4C2/vEo6jbp3UW/cX9aaV0UcZXSCTtE58tA1aqI71EJtRJFEz+gVvTnGeXHenY9Fa8kpZo7RHzifPwJOkQg=</latexit>

 e.g.

f(�X)

f(!X)
= tan2(✓ � ✓i)

<latexit sha1_base64="P0Yxo1RYLiLqHqUgC7CG24zj12k="></latexit>

V
B
B

✓V
<latexit sha1_base64="ND4+/jo5o0LsFFVykft+NC3UN8o=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVOD0eArN/qlytu1Z2DrhIvJxWSo9Evf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn83un9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ09TwdCA0c5sYRxLeytlI+YZhxtRCUbgrf88ipp1areRbV2f1mpX+VxFMkJOSXnxCPXpE7uSIM0CSeSPJNX8uY8Oi/Ou/OxaC04+cwx+QPn8wcDPI/p</latexit>

(even smaller with linear formula)

quadratic formula

� =
1p
2
(uū+ dd̄) sin(✓i � ✓V )� ss̄ cos(✓i � ✓V )

<latexit sha1_base64="/Zoy07NUaUqrJhsSv8WpLnrOi8A="></latexit>

! =
1p
2
(uū+ dd̄) cos(✓i � ✓V ) + ss̄ sin(✓i � ✓V )

<latexit sha1_base64="dcLMi9wR0h9IKFO+w9GMHP+HdmY="></latexit>

(linear) (quadratic mass formula)36.5o 39.2o

: vector mixing angle

From K⇤, ⇢,!,�
<latexit sha1_base64="HdZaVIceh/LsBnciNnV1zGumrTg=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLICJlpoq6LLgR3FSwD2jHkkkzndA8hiQjlKEbf8WNC0Xc+hnu/BvTdhZaPZDcwzn3ktwTJoxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKp2iDRhVJCGoYaRdqII4iEjrXB4NfFbD0RpKsWdGSUk4GggaEQxMlbquXs398cnsKtiaW/JyQDZmsS055a9ijcF/Ev8nJRBjnrP/ez2JU45EQYzpHXH9xITZEgZihkZl7qpJgnCQzQgHUsF4kQH2XSBMTy0Sh9GUtkjDJyqPycyxLUe8dB2cmRiPe9NxP+8TmqiyyCjIkkNEXj2UJQyaCScpAH7VBFs2MgShBW1f4U4RgphYzMr2RD8+ZX/kma14p9Wqrdn5dp5HkcR7IMDcAR8cAFq4BrUQQNgMAZP4AW8Oo/Os/PmvM9aC04+swt+wfn4BkujlOc=</latexit>

masses:

decoupling ! ' 1p
2
(dd̄+ uū)

<latexit sha1_base64="GIvxGJYvfMGTI9Rfrm7SUA7a+Ew=">AAACHHicbZDLSsNAFIYnXmu9VV26GSxCRShJK+qy4MZlBXuBppTJ5KQdOpOkMxOhhDyIG1/FjQtF3LgQfBunl4W2/jDw8Z9zOHN+L+ZMadv+tlZW19Y3NnNb+e2d3b39wsFhU0WJpNCgEY9k2yMKOAuhoZnm0I4lEOFxaHnDm0m99QBSsSi81+MYuoL0QxYwSrSxeoWqGwnoE+wqJmCE3UASmjpZ6qqR1Gkly0q+6xGZ+tl5MoUkO+sVinbZngovgzOHIpqr3it8un5EEwGhppwo1XHsWHdTIjWjHLK8myiICR2SPnQMhkSA6qbT4zJ8ahwfB5E0L9R46v6eSIlQaiw80ymIHqjF2sT8r9ZJdHDdTVkYJxpCOlsUJBzrCE+Swj6TQDUfGyBUMvNXTAfE5KNNnnkTgrN48jI0K2WnWq7cXRRrl/M4cugYnaASctAVqqFbVEcNRNEjekav6M16sl6sd+tj1rpizWeO0B9ZXz/ROaJq</latexit>

� ' �ss̄
<latexit sha1_base64="dMT7s7HjsGHZR8iH0WpTGhlHdw0=">AAAB/nicbVC7SgNBFL0bXzG+NoqNNoNBsDHsRlDLgI1lBPOAbAizk9lkyOzsOjMrhCXgD/gRNhaKaOkv2Nr5IfZOHoUmHrhwOOde7r3HjzlT2nG+rMzC4tLySnY1t7a+sbll57drKkokoVUS8Ug2fKwoZ4JWNdOcNmJJcehzWvf7FyO/fkulYpG41oOYtkLcFSxgBGsjte1dL+4xT7GQ3qBjpDwfy1QN23bBKTpjoHniTkmhnL+3v/c+3ipt+9PrRCQJqdCEY6WarhPrVoqlZoTTYc5LFI0x6eMubRoqcEhVKx2fP0SHRumgIJKmhEZj9fdEikOlBqFvOkOse2rWG4n/ec1EB+etlIk40VSQyaIg4UhHaJQF6jBJieYDQzCRzNyKSA9LTLRJLGdCcGdfnie1UtE9KZau3EL5FCbIwj4cwBG4cAZluIQKVIFACg/wBM/WnfVovVivk9aMNZ3ZgT+w3n8Ai3aY3A==</latexit>

i

 e.g.

di
sc

on
ne

ct
ed

O
ZI

 fo
rb

id
de

n

As before:
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Am93

!⇡0 : p̄p ! !⇡0 ! �2⇡0
<latexit sha1_base64="FgFWSTgyrRFxmFC6Vqhl0POsndY=">AAACHnicbVDLSgMxFM34rPU16tJNsAiuykxVlK4KblxWsA/o1HInTdvQZCYkGaEM/RI3/oobF4oIrvRvTKdd1NYDgZNz7iU5J5ScaeN5P87K6tr6xmZuK7+9s7u37x4c1nWcKEJrJOaxaoagKWcRrRlmOG1KRUGEnDbC4c3EbzxSpVkc3ZuRpG0B/Yj1GAFjpY57GcSC9iGQ7MEr4yAElcqxDEyM54zs2gchAJcyoeMWvKKXAS8Tf0YKaIZqx/0KujFJBI0M4aB1y/ekaaegDCOcjvNBoqkEMoQ+bVkagaC6nWbxxvjUKl3ci5U9kcGZOr+RgtB6JEI7KcAM9KI3Ef/zWonpXbdTFsnE0IhMH+olHNu4k65wlylKDB9ZAkQx+1dMBqCAGNto3pbgL0ZeJvVS0T8vlu4uCpXyrI4cOkYn6Az56ApV0C2qohoi6Am9oDf07jw7r86H8zkdXXFmO0foD5zvX2v4of4=</latexit>

!⇡+ : n̄p ! ⇡+⇡�⇡0⇡+
<latexit sha1_base64="DuJjwcqYyGANHxfTkek+9I8dsFI=">AAACF3icbVDLSgMxFM34rPU16tJNsAiCOMxUQemq4MZlBfuAzlgyaaYNTTJDkhHK0L9w46+4caGIW935N2amXWjrgVxOzr2X5JwwYVRp1/22lpZXVtfWSxvlza3tnV17b7+l4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji6zvvtByIVjcWdHick4GggaEQx0kbq2Y4fczJAfkLvT2vQD5HMxCSBvo5hoeXlLC9uce3ZFddxC8BF4s1IBczQ6Nlffj/GKSdCY4aU6npuooMMSU0xI5OynyqSIDxCA9I1VCBOVJAVvibw2Ch9GMXSHKFhof7eyBBXasxDM8mRHqr5Xi7+1+umOroKMiqSVBOBpw9FKYPGdR4S7FNJsGZjQxCW1PwV4iGSCGsTZdmE4M1bXiStquOdO9Xbi0q9NoujBA7BETgBHrgEdXADGqAJMHgEz+AVvFlP1ov1bn1MR5es2c4B+APr8wd84J7V</latexit>

Crystal Barrel @ rest OBELIX, n momentum < 405 MeV/c

Fi99,Br03

�
<latexit sha1_base64="IkZvTSPFrtIydKNPJsqV3AlBI/s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqUY8FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14a2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLWuizjKcAbncAke3EAL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEROo43</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

m
2
(K

�
⇡
+
)
G
eV

2
<latexit sha1_base64="mnjG/dyoe4ay5sbRYTLeSJsgMWA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQEUsSRV0WXCi4qWAf0CRlMp22Q2eSMDMRSujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7TxAzKpVlfRu5peWV1bX8emFjc2t7x9zda8goEZjUccQi0QqQJIyGpK6oYqQVC4J4wEgzGF5N/OYDEZJG4b0axcTjqB/SHsVIaaljFrnvlG/9Ezem/vERdGHqCg6vSWPsOx2zZFWsKeAisTNSAhlqHfPL7UY44SRUmCEp27YVKy9FQlHMyLjgJpLECA9Rn7Q1DREn0kunT4zhoVa6sBcJXaGCU/X3RIq4lCMe6E6O1EDOexPxP6+dqN6ll9IwThQJ8WxRL2FQRXCSCOxSQbBiI00QFlTfCvEACYSVzq2gQ7DnX14kDadin1acu7NS9TyLIw+K4ACUgQ0uQBXcgBqoAwwewTN4BW/Gk/FivBsfs9ackc3sgz8wPn8AimuWFA==</latexit>

m2(K+K�) GeV2
<latexit sha1_base64="NgsLYFSzcHNlM5rMRSCkxGvn71s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEiliSKOqy4EKhmwr2AU1SJtOpHTqThJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feE8SMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBldjv/lAhKRReKeGMfE4ug9pj2KktNQx97jvlKr+cdU/OYIuTF3B4TVpjHynYxatsjUBnCd2RoogQ61jfrndCCechAozJGXbtmLlpUgoihkZFdxEkhjhAbonbU1DxIn00skLI3iolS7sRUJXqOBE/T2RIi7lkAe6kyPVl7PeWPzPayeqd+mlNIwTRUI8XdRLGFQRHOcBu1QQrNhQE4QF1bdC3EcCYaVTK+gQ7NmX50nDKdunZef2rFg5z+LIg31wAErABhegAm5ADdQBBo/gGbyCN+PJeDHejY9pa87IZnbBHxifP8iPlRY=</latexit>

�⇡0 : p̄p ! KSKL⇡
0 ! 3⇡0 +missKL

<latexit sha1_base64="BVOxXWkx62E15mCQhWyAzgOq520="></latexit>

�⇡+ : n̄p ! K+K�⇡+
<latexit sha1_base64="cej/eP54Rc9BAYjwpz6OjMeNQhg=">AAACDHicbVDLSgMxFM34rPVVdekmWAShWGaqoHRVcCN0U8E+oDMtmTTThmYyIckIZegHuPFX3LhQxK0f4M6/MZ3OQlsPBA7n3MvNOb5gVGnb/rZWVtfWNzZzW/ntnd29/cLBYUtFscSkiSMWyY6PFGGUk6ammpGOkASFPiNtf3wz89sPRCoa8Xs9EcQL0ZDTgGKkjdQvFF0xoq6gvVIVuj6SCZ8K6OoI1nuleu88dcyUXbZTwGXiZKQIMjT6hS93EOE4JFxjhpTqOrbQXoKkppiRad6NFREIj9GQdA3lKCTKS9IwU3hqlAEMImke1zBVf28kKFRqEvpmMkR6pBa9mfif1411cO0llItYE47nh4KYQRN21gwcUEmwZhNDEJbU/BXiEZIIa9Nf3pTgLEZeJq1K2bkoV+4ui7VqVkcOHIMTcAYccAVq4BY0QBNg8AiewSt4s56sF+vd+piPrljZzhH4A+vzB54Amgg=</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

Compare with
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Very large OZI violation at rest with almost
any X in liquid H2 ( and low energy p, n)

OZI

Obelix

Crystal Barrel 

Bubble chamber
Asterix

X�/X!, X = �,⇡0...
<latexit sha1_base64="P1mmmv8HdnZyIcAszU3AJb0L8F0=">AAACC3icbZDNSsNAFIUn9a/Wv6hLN0OL4EJiUkXdCAU3LivYNtDEMplO0qEzSZiZCCV078ZXceNCEbe+gDvfxmmbhbYeGPg4917u3BOkjEpl299GaWl5ZXWtvF7Z2Nza3jF399oyyQQmLZywRLgBkoTRmLQUVYy4qSCIB4x0guH1pN55IELSJL5To5T4HEUxDSlGSls9s+p66YCeuF7CSYSOoXvlRYhzTV5K721oWVbPrNmWPRVcBKeAGijU7JlfXj/BGSexwgxJ2XXsVPk5EopiRsYVL5MkRXiIItLVGCNOpJ9PbxnDQ+30YZgI/WIFp+7viRxxKUc80J0cqYGcr03M/2rdTIWXfk7jNFMkxrNFYcagSuAkGNingmDFRhoQFlT/FeIBEggrHV9Fh+DMn7wI7brlnFr127Na47yIowwOQBUcAQdcgAa4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39kfP4AoyeY0Q==</latexit>

RMP98

Possible explanations:

e.g.  C(1480) ⇡�p ! Cn,C ! �⇡0
<latexit sha1_base64="WcGdIrZidy2nVTpbC3Hg/GUE84I=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQstMFRRXhW5cVrAP6Iwlk2ba0EwmJBmhDN258VfcuFDErb/gzr8x085CWw8EDufcy805gWBUacf5tgpLyyura8X10sbm1vaOvbvXUnEiMWnimMWyEyBFGOWkqalmpCMkQVHASDsY1TO//UCkojG/02NB/AgNOA0pRtpIPfvQE/T+TEBPx7AO+SmsZ8wTQ5oZTs8uOxVnCrhI3JyUQY5Gz/7y+jFOIsI1ZkiprusI7adIaooZmZS8RBGB8AgNSNdQjiKi/HSaYwKPjdKHYSzN4xpO1d8bKYqUGkeBmYyQHqp5LxP/87qJDq/8lHKRaMLx7FCYMGiiZqXAPpUEazY2BGFJzV8hHiKJsDbVlUwJ7nzkRdKqVtzzSvX2oly7zusoggNwBE6ACy5BDdyABmgCDB7BM3gFb9aT9WK9Wx+z0YKV7+yDP7A+fwBDQZeh</latexit>

Bi87!⇡0
<latexit sha1_base64="VrlRmtBGqpmLUIMhJ6RGUPjiUQg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoHgqePFYwX5AEstmO2mX7mbD7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmikKbSi5VLyIaOEugbZjh0EsVEBFx6Ebj25nffQKlmUwezCSFUJBhwmJGibGSH0gBQxKk7NHtV2tu3Z0DrxKvIDVUoNWvfgUDSTMBiaGcaO17bmrCnCjDKIdpJcg0pISOyRB8SxMiQIf5/OQpPrPKAMdS2UoMnqu/J3IitJ6IyHYKYkZ62ZuJ/3l+ZuLrMGdJmhlI6GJRnHFsJJ79jwdMATV8YgmhitlbMR0RRaixKVVsCN7yy6uk06h7F/XG/WWteVPEUUYn6BSdIw9doSa6Qy3URhRJ9Ixe0ZtjnBfn3flYtJacYuYY/YHz+QMDgpEM</latexit>

not seen

No violation of OZI rule

close to NN threshold, 1- - candidates near 2mp…: 

Serpukhov,

DoFi891 tetraquark states?sqs̄q̄
<latexit sha1_base64="jUX1M6s5CWH2AFY4JmosWrS/Kd0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV1GXBjcsK9gFtKJPppB06maQzk0IJ+RM3LhRx65+482+cpllo64HLPZxzL3Pn+DFnSjvOt1Xa2Nza3invVvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yf3C78yoVCwST3oeUy/EI8ECRrA20sC21bTvY5mqLG/TbGBXnZqTA60TtyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvDS/PEMXRhmiIJKmhEa5+nsjxaFS89A3kyHWY7XqLcT/vF6igzsvZSJONBVk+VCQcKQjtIgBDZmkRPO5IZhIZm5FZIwlJtqEVTEhuKtfXiftes29qtUfr6uNmyKOMpzBOVyCC7fQgAdoQgsIzOAZXuHNSq0X6936WI6WrGLnFP7A+vwBZa+UHQ==</latexit>

Very large           ��
<latexit sha1_base64="6SSopKtD4PPfzzgD/Z5STtiy+VI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV1GPBi8cK9gObUCbbTbt0dxN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZelHKmjed9O4W19Y3NreJ2aWd3b/+gfHjU0kmmCG2ShCeqE6GmnEnaNMxw2kkVRRFx2o5GtzO//USVZol8MOOUhgIHksWMoLHSYzBAITBIh6xXrnhVbw53lfg5qUCORq/8FfQTkgkqDeGoddf3UhNOUBlGOJ2WgkzTFMkIB7RrqURBdTiZXzx1z6zSd+NE2ZLGnau/JyYotB6LyHYKNEO97M3E/7xuZuKbcMJkmhkqyWJRnHHXJO7sfbfPFCWGjy1Bopi91SVDVEiMDalkQ/CXX14lrVrVv6jW7i8r9as8jiKcwCmcgw/XUIc7aEATCEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/llqQ0g==</latexit> Lo94

or �(2170) ! �⇡⇡
<latexit sha1_base64="MgkMKYONAdwGwHsv67MSSjhUcYU=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxC3ZSZKtZlwY3LCvYBnaFk0kwbmskMSUYopbjxV9y4UMStX+HOvzHTzkJbLwmcnHMvN+cECWdKO863tbK6tr6xWdgqbu/s7u3bB4ctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQejm0xvP1CpWCzu9TihfoQHgoWMYG2onn3sJUNWrro159zTMcpeXpKdYs8uORVnVmgZuDkoQV6Nnv3l9WOSRlRowrFSXddJtD/BUjPC6bTopYommIzwgHYNFDiiyp/MLEzRmWH6KIyluUKjGft7YoIjpcZRYDojrIdqUcvI/7RuqsNrf8JEkmoqyHxRmHJkzGZ5oD6TlGg+NgATycxfERliiYk2qWUhuIuWl0GrWnEvKtW7y1L9Ko+jACdwCmVwoQZ1uIUGNIHAIzzDK7xZT9aL9W59zFtXrHzmCP6U9fkD2yGVxQ==</latexit>

well established meson

in

for example for �⇡ (3S1 p̄p)
<latexit sha1_base64="SVKrhRQJslxyNEl9nfagHP2bFFg=">AAACBXicbZC7SgNBFIZn4y3G26pgo8VgEGITdhPQlAEby4jmAtl1mZ3MJkNmd4eZWSEsaWx8BStrGwtFbH0HO9GHcXIpNPGHgY//nMOZ8/ucUaks69PILCwuLa9kV3Nr6xubW+b2TkPGicCkjmMWi5aPJGE0InVFFSMtLggKfUaafv9sVG/eECFpHF2pASduiLoRDShGSlueeeDwHnU4hQ4sXJcvPVuD4yOR8iE/9sy8VbTGgvNgTyFf3eMP999flZpnfjidGCchiRRmSMq2bXHlpkgoihkZ5pxEEo5wH3VJW2OEQiLddHzFEB5ppwODWOgXKTh2f0+kKJRyEPq6M0SqJ2drI/O/WjtRQcVNacQTRSI8WRQkDKoYjiKBHSoIVmygAWFB9V8h7iGBsNLB5XQI9uzJ89AoFe1ysXRh56snYKIs2AeHoABscAqq4BzUQB1gcAsewTN4Me6MJ+PVeJu0ZozpzC74I+P9B0Xmmts=</latexit>

1 - - 

10x
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Rescattering

Go96
� ! ⇢⇡

<latexit sha1_base64="GLqFxN9m5wCfAn6d+NDRT+mWMGg=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoHgqePFYwX5AE8pmu2mXbjbL7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF0nOtPG8b6e0sbm1vVPereztHxweuccnbZ1mitAWSXmquhHWlDNBW4YZTrtSUZxEnHai8f3c70yo0iwVT2YqaZjgoWAxI9hYqe+6gRwxFJgUBWqUBpL13apX8xZA68QvSBUKNPvuVzBISZZQYQjHWvd8T5owx8owwumsEmSaSkzGeEh7lgqcUB3mi8tn6MIqAxSnypYwaKH+nshxovU0iWxngs1Ir3pz8T+vl5n4NsyZkJmhgiwXxRlH9tF5DGjAFCWGTy3BRDF7KyIjrDAxNqyKDcFffXmdtOs1/6pWf7yuNu6KOMpwBudwCT7cQAMeoAktIDCBZ3iFNyd3Xpx352PZWnKKmVP4A+fzBwZgkz0=</latexit>

2 Constructive interference between

K⇤K̄
<latexit sha1_base64="o0qztiFIWD5FXEN7epewBx/mEKU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdKuqx4EXopYL9wHYt2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6reeqNIskvdmHFNf4IFkISPYWOmh9njWDbBKa5NeseSW3RnQMvEyUoIM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZxdP0IlV+iiMlC1p0Ez9PZFiofVYBLZTYDPUi95U/M/rJCa89lMm48RQSeaLwoQjE6Hp+6jPFCWGjy3BRDF7KyJDrDAxNqSCDcFbfHmZNCtl77xcubsoVS+zOPJwBMdwCh5cQRVuoQ4NICDhGV7hzdHOi/PufMxbc042cwh/4Hz+ABLCkH0=</latexit>

⇢⇢
<latexit sha1_base64="/HFWrXEd2dclLzy+K+ccAUkHGD0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48VTFtoQ9lsN+3SzW7c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknt7nfeaJKMykezDShQYxHgkWMYGOlbl+NZV6Das2tu3OgVeIVpAYFWoPqV38oSRpTYQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1TgmOogm987Q2dWGaJIKlvCoLn6eyLDsdbTOLSdMTZjvezl4n9eLzXRTZAxkaSGCrJYFKUcGYny59GQKUoMn1qCiWL2VkTGWGFibEQVG4K3/PIqaTfq3kW9cX9Za14VcZThBE7hHDy4hibcQQt8IMDhGV7hzXl0Xpx352PRWnKKmWP4A+fzBzhHkAw=</latexit>

and large �⇡
<latexit sha1_base64="Io0rVi0MNm5lsJb1acETneeKp1Y=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld0q6rHgxWMF+wHdpWTTbBuazYYkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLlODGet43Wlvf2NzaLu2Ud/f2Dw4rR8dtk2aashZNRaq7ETFMcMlallvBukozkkSCdaLx3czvPDFteCof7USxMCFDyWNOiXVSJ1AjHijer1S9mjcHXiV+QapQoNmvfAWDlGYJk5YKYkzP95QNc6Itp4JNy0FmmCJ0TIas56gkCTNhPj93is+dMsBxql1Ji+fq74mcJMZMksh1JsSOzLI3E//zepmNb8OcS5VZJuliUZwJbFM8+x0PuGbUiokjhGrubsV0RDSh1iVUdiH4yy+vkna95l/W6g9X1cZ1EUcJTuEMLsCHG2jAPTShBRTG8Ayv8IYUekHv6GPRuoaKmRP4A/T5A1pvj4o=</latexit>

Deep inelastic scattering with muons: ss spins parallel and opposite to nucleon spin

wavefunction does not match

(as needed for the spin 1    )

3

�
<latexit sha1_base64="IkZvTSPFrtIydKNPJsqV3AlBI/s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqUY8FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14a2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLWuizjKcAbncAke3EAL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEROo43</latexit>

El95

Strange sea quarks in the nucleon: 

OK

ss spins parallel opposite to pp 3S1
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• Should be strong in S-wave, 
weak in P-wave ( spin singlet 1P1 ->      )

•                    should be too strong in P-wave compared to 

expect 0.016!

f 0
2(1525)⇡

0
<latexit sha1_base64="cltWeDlpojtFIURtslmsBOxe2o4=">AAAB+HicbVDLSsNAFJ3UV62PRt3pZrCIdVOSSFFcFdy4ESrYB7QxTKaTduhkEmYmQg3FlV/hxoUibv0AP8KdP+La6WOhrQcuHM65l3vv8WNGpbKsLyOzsLi0vJJdza2tb2zmza3tuowSgUkNRywSTR9JwignNUUVI81YEBT6jDT8/vnIb9wSIWnEr9UgJm6IupwGFCOlJc/MB55zWLTLTvmoHdMbyzMLVskaA84Te0oKld2Hwvf95UfVMz/bnQgnIeEKMyRly7Zi5aZIKIoZGebaiSQxwn3UJS1NOQqJdNPx4UN4oJUODCKhiys4Vn9PpCiUchD6ujNEqidnvZH4n9dKVHDqppTHiSIcTxYFCYMqgqMUYIcKghUbaIKwoPpWiHtIIKx0Vjkdgj378jypOyX7uORc6TTOwARZsAf2QRHY4ARUwAWoghrAIAGP4Bm8GHfGk/FqvE1aM8Z0Zgf8gfH+A4qvlLo=</latexit>

�⇡
<latexit sha1_base64="Io0rVi0MNm5lsJb1acETneeKp1Y=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld0q6rHgxWMF+wHdpWTTbBuazYYkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLlODGet43Wlvf2NzaLu2Ud/f2Dw4rR8dtk2aashZNRaq7ETFMcMlallvBukozkkSCdaLx3czvPDFteCof7USxMCFDyWNOiXVSJ1AjHijer1S9mjcHXiV+QapQoNmvfAWDlGYJk5YKYkzP95QNc6Itp4JNy0FmmCJ0TIas56gkCTNhPj93is+dMsBxql1Ji+fq74mcJMZMksh1JsSOzLI3E//zepmNb8OcS5VZJuliUZwJbFM8+x0PuGbUiokjhGrubsV0RDSh1iVUdiH4yy+vkna95l/W6g9X1cZ1EUcJTuEMLsCHG2jAPTShBRTG8Ayv8IYUekHv6GPRuoaKmRP4A/T5A1pvj4o=</latexit>

Br03

Antineutrons (OBELIX)

S

P

J = 2  (spin triplet ss )

f2(1270)⇡
0

<latexit sha1_base64="8giSD8DQyBf+pjTS0e0w8NTppnE=">AAAB9XicbVBNT8JAEJ3iF+IX6tHLRmKCF9IWIx5JvHjERD4SKGS7bGHDdtvsbjWk4X948aAxXv0v3vw3LtCDgi+Z5OW9mczM82POlLbtbyu3sbm1vZPfLeztHxweFY9PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2J7dzv/1IpWKReNDTmHohHgkWMIK1kfrBwC07bs2+7MWsbw+KJbtiL4DWiZOREmRoDIpfvWFEkpAKTThWquvYsfZSLDUjnM4KvUTRGJMJHtGuoQKHVHnp4uoZujDKEAWRNCU0Wqi/J1IcKjUNfdMZYj1Wq95c/M/rJjq48VIm4kRTQZaLgoQjHaF5BGjIJCWaTw3BRDJzKyJjLDHRJqiCCcFZfXmdtNyKU62491el+nUWRx7O4BzK4EAN6nAHDWgCAQnP8Apv1pP1Yr1bH8vWnJXNnMIfWJ8/9XeQ0w==</latexit>

uū+ dd̄
<latexit sha1_base64="UCeloNJOAJ7KfwaMILEayUHdqR0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJqqjLghuXFewF2lAmk0k7dDIJcxFCiK/ixoUibn0Qd76N0zQLbf1h4OM/53DO/H7CqFSO821V1tY3Nreq27Wd3b39A/vwqCdjLTDp4pjFYuAjSRjlpKuoYmSQCIIin5G+P7ud1/uPREga8weVJsSL0ITTkGKkjDW263rkI5HpHJ7DoMAgH9sNp+kUgqvgltAApTpj+2sUxFhHhCvMkJRD10mUlyGhKGYkr420JAnCMzQhQ4McRUR6WXF8Dk+NE8AwFuZxBQv390SGIinTyDedEVJTuVybm//VhlqFN15GeaIV4XixKNQMqhjOk4ABFQQrlhpAWFBzK8RTJBBWJq+aCcFd/vIq9FpN96LZur9stK/KOKrgGJyAM+CCa9AGd6ADugCDFDyDV/BmPVkv1rv1sWitWOVMHfyR9fkDY8SUkA==</latexit>

} }

Al98

p̄p ! K+K�⇡0
<latexit sha1_base64="QCqDuIpDqtCiRmZ6j3/P59F00AY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBLHMVEFxVXAjdFPBPqAzLZk004ZmMiHJCGWoG3/FjQtF3PoX7vwb03YW2nogcDjnXm7OCQSjSjvOt5VbWl5ZXcuvFzY2t7Z37N29hooTiUkdxyyWrQApwigndU01Iy0hCYoCRprB8GbiNx+IVDTm93okiB+hPqchxUgbqWsfeAGSqRgL6OkYVjun1c6ZJ2jH6dpFp+RMAReJm5EiyFDr2l9eL8ZJRLjGDCnVdh2h/RRJTTEj44KXKCIQHqI+aRvKUUSUn04TjOGxUXowjKV5XMOp+nsjRZFSoygwkxHSAzXvTcT/vHaiwys/pVwkmnA8OxQmDJqwkzpgj0qCNRsZgrCk5q8QD5BEWJvSCqYEdz7yImmUS+55qXx3UaxcZ3XkwSE4AifABZegAm5BDdQBBo/gGbyCN+vJerHerY/ZaM7KdvbBH1ifPwI1lew=</latexit>

OBELIX at rest

from S waves from P waves

decreases while
            increases

�
<latexit sha1_base64="IkZvTSPFrtIydKNPJsqV3AlBI/s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqUY8FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14a2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLWuizjKcAbncAke3EAL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEROo43</latexit>

f 0
2(1525)

<latexit sha1_base64="YsxiRiLp1B/NYIQooecHYh4Yr0g=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmLEC2mLqEcSLx4xkY8IDdkuW9iw3Ta7WxPS8C+8eNAYr/4bb/4bF+hBwZdM8vLeTGbm+TFnStv2t5VbW9/Y3MpvF3Z29/YPiodHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3749uZ336iUrFIPOhJTL0QDwULGMHaSI9B3z0vOzW3dtEvluyKPQdaJU5GSpCh0S9+9QYRSUIqNOFYqa5jx9pLsdSMcDot9BJFY0zGeEi7hgocUuWl84un6MwoAxRE0pTQaK7+nkhxqNQk9E1niPVILXsz8T+vm+jgxkuZiBNNBVksChKOdIRm76MBk5RoPjEEE8nMrYiMsMREm5AKJgRn+eVV0nIrTrXi3l+W6ldZHHk4gVMogwPXUIc7aEATCAh4hld4s5T1Yr1bH4vWnJXNHMMfWJ8/6R2PEg==</latexit>

f 0
2⇡

0

f2⇡0
= 0.149± 0.020

<latexit sha1_base64="HlewKYWLdVrWNzUo6UxNDCi14YA=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyiBxltHb4chIEXjxPcC6y1pFm6haVtSFJhlH0JL34VLx4U8Sp489uYbj3o5gMhP/7/5yF5/gFnVCrL+jYWFpeWV1ZLa+X1jc2tbXNntyWTVGDSxAlLRCdAkjAak6aiipEOFwRFASPtYHid++0HIiRN4js14sSLUD+mIcVIack3T9xQIJyFvnPkcnpvjXOcEryCVtWuXUKXR5osx/LNir4nBefBLqACimr45pfbS3AakVhhhqTs2hZXXoaEopiRcdlNJeEID1GfdDXGKCLSyyZbjeGhVnowTIQ+sYIT9fdEhiIpR1GgOyOkBnLWy8X/vG6qwgsvozFPFYnx9KEwZVAlMI8I9qggWLGRBoQF1X+FeIB0TEoHWdYh2LMrz0PLqdqnVee2VqmfFXGUwD44AMfABuegDm5AAzQBBo/gGbyCN+PJeDHejY9p64JRzOyBP2V8/gB0OJvA</latexit>

from P-waves

m2(K⇡)
<latexit sha1_base64="O6A+tXSCvJRsdAfZF2zxICLxN3g=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY8CJ4qWA/sF1LNk3b0CS7JFmhLP0XXjwo4tV/481/Y7bdg7Y+GHi8N8PMvCDiTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKnDWBHaICEPVTvAmnImacMww2k7UhSLgNNWML5O/dYTVZqF8t5MIuoLPJRswAg2VnoQj9XybTdip4VeseRW3BnQMvEyUoIM9V7xq9sPSSyoNIRjrTueGxk/wcowwum00I01jTAZ4yHtWCqxoNpPZhdP0YlV+mgQKlvSoJn6eyLBQuuJCGynwGakF71U/M/rxGZw5SdMRrGhkswXDWKOTIjS91GfKUoMn1iCiWL2VkRGWGFibEhpCN7iy8ukWa14Z5Xq3XmpdpHFkYcjOIYyeHAJNbiBOjSAgIRneIU3RzsvzrvzMW/NOdnMIfyB8/kD2EePrg==</latexit>

�⇡/!⇡
<latexit sha1_base64="CrjbXLoD10UNhQzSEDFQ9U4FKmc=">AAAB+nicbZDLSgMxFIYz9Vbrbargxk2wCK7qTAXtsuDGZQV7gU4pmTTThiaZkGSUMvY93OjChSJufRJ3og9jello6w+Bj/+cwzn5Q8moNp736WSWlldW17LruY3Nre0dN79b13GiMKnhmMWqGSJNGBWkZqhhpCkVQTxkpBEOLsb1xg1Rmsbi2gwlaXPUEzSiGBlrddx8IPs0kPQkiDnpIUsdt+AVvYngIvgzKFT25eP991e52nE/gm6ME06EwQxp3fI9adopUoZiRka5INFEIjxAPdKyKBAnup1OTh/BI+t0YRQr+4SBE/f3RIq41kMe2k6OTF/P18bmf7VWYqJyO6VCJoYIPF0UJQyaGI5zgF2qCDZsaAFhRe2tEPeRQtjYtHI2BH/+y4tQLxX902Lpyi9UzsBUWXAADsEx8ME5qIBLUAU1gMEteADP4MW5c56cV+dt2ppxZjN74I+c9x9wE5fQ</latexit>

Yes!

NTP
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Pontecorvo (1956) reactions

Unusual, involve > 1 nucleon

p̄d ! �0⇡0,�+⇡�,⇤K0,⌃0K0
<latexit sha1_base64="4flV2AXa89P8rmOEz/ru2bKnB1U="></latexit>

p̄d ! ⇡�p,⇡0n, ⌘n,!n, ⌘0n,�n, ⇢�p
<latexit sha1_base64="pwp8iuQL5MoESZTEM/Vc0HdrOxI=">AAACLXicbVDLSgMxFM34rPVVdekmWEQXWmZU0GVBFy4rWCt0xpLJ3LbBTBKSjFCG/pAbf0UEFxVx62+Yjl2o9UK4J+fcQ3JPrDgz1vdH3szs3PzCYmmpvLyyurZe2di8MTLTFJpUcqlvY2KAMwFNyyyHW6WBpDGHVnx/PtZbD6ANk+LaDhREKekJ1mWUWEd1KhdhTHSuhkloJQ4VuztUB0X3hetgCRYHoUyhVwB338NjQfVZ0XVfOkenUvVrflF4GgQTUEWTanQqL2EiaZaCsJQTY9qBr2yUE20Z5TAsh5kBReg96UHbQUFSMFFebDvEu45JcFdqd4TFBfvTkZPUmEEau8mU2L75q43J/7R2ZrtnUc6EyiwI+v1QN+PYJTOODidMA7V84AChmrm/YtonmlDrAi67EIK/K0+Dm6NacFw7ujqp1k8mcZTQNtpB+yhAp6iOLlEDNRFFj+gZjdCb9+S9eu/ex/fojDfxbKFf5X1+ARTPphs=</latexit>

Obtained at LEAR,   typical rates 10-6 to 10-5

p̄d ! ⇡0n, ⌘n, ⌘0n ! 2�n
<latexit sha1_base64="9C78REv1JoDOdgdEagK87sLqXb0=">AAACGnicbVDLSgMxFM3UV62vqks3wSK6kDJTC7osuHFZwT6gU8udNG1Dk8yQZIQy9Dvc+CtuXCjiTtz4N2baWWjrgZDDOfeSnBNEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzR1GCtCGyTkoWoHoClnkjYMM5y2I0VBBJy2gvF16rceqNIslHdmEtGugKFkA0bAWKlX9PwAVBJN+74JsR+xe1eeY58awNl9iiVOvYo/BCGs3CuW3LI7A14mXkZKKEO9V/z0+yGJBZWGcNC647mR6SagDCOcTgt+rGkEZAxD2rFUgqC6m8yiTfGJVfp4ECp7pMEz9fdGAkLriQjspAAz0oteKv7ndWIzuOomTEaxoZLMHxrEHNuoaU+4zxQlhk8sAaKY/SsmI1BAjG2zYEvwFiMvk2al7F2UK7fVUq2a1ZFHR+gYnSEPXaIaukF11EAEPaJn9IrenCfnxXl3PuajOSfbOUR/4Hz9AFpanx0=</latexit>

200 MeV/c beam, LD2 target, 4 million 0-prong trigger (rare reaction!),  neutron not detected 

Crystal Barrel

m(�1, �2)
<latexit sha1_base64="TNQvO/PPEjo+6o7L/otxZnCeTHg=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm2ARKkhJakGXBTcuK9gLtCFMppN26MwkzEyEGoqv4saFIm59D3e+jdM2C239YeDjP+dwzvxhwqjSrvttrayurW9sFraK2zu7e/v2wWFLxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB0M623H4hUNBb3epwQn6OBoBHFSBsrsI95uTdAnKPAu8iheh7YJbfizuQsg5dDCXI1Avur149xyonQmCGlup6baD9DUlPMyKTYSxVJEB6hAekaFIgT5Wez6yfOmXH6ThRL84R2Zu7viQxxpcY8NJ0c6aFarE3N/2rdVEfXfkZFkmoi8HxRlDJHx840CqdPJcGajQ0gLKm51cFDJBHWJrCiCcFb/PIytKoV77JSvauV6rU8jgKcwCmUwYMrqMMtNKAJGB7hGV7hzXqyXqx362PeumLlM0fwR9bnD/ABlDI=</latexit>

[MeV]

⇡0
<latexit sha1_base64="JB4Ml34vz5iw0VhBhkGfe8nXpKs=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1a0GPBi8cK9gPatWTTbBubTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo5bRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMl7O0lYEJOh5BGnxDqp1Uv4g4f7pbJX8ebAq8TPSRlyNPqlr95A0TRm0lJBjOn6XmKDjGjLqWDTYi81LCF0TIas66gkMTNBNr92is+dMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquhD85ZdXSata8S8r1btauV7L4yjAKZzBBfhwBXW4hQY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AMfljo8=</latexit>

⌘
<latexit sha1_base64="hKARq+DE3RDfpEvsJc3PRwnurJU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9pQ9lsJ+3SzSbsboRS+iu8eFDEqz/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbeZ3nlBpHssHM03Qj+hI8pAzaqz0SDL00dBBueJW3QXIOvFyUoEczUH5qz+MWRqhNExQrXuemxh/RpXhTOC81E81JpRN6Ah7lkoaofZni4Pn5MIqQxLGypY0ZKH+npjRSOtpFNjOiJqxXvUy8T+vl5rwxp9xmaQGJVsuClNBTEyy78mQK2RGTC2hTHF7K2FjqigzNqOSDcFbfXmdtGtV76pau69XGvU8jiKcwTlcggfX0IA7aEILGETwDK/w5ijnxXl3PpatBSefOYU/cD5/ALTvjwA=</latexit>

⌘0
<latexit sha1_base64="ztBBhBxhN1KdRp1Ojt/LisfMCc0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ6Kkkt6LHgxWMF+4FtKJvtpF262YTdjVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZ6JDP00NCLfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fziKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7H0y4AqZERNLKFPc3krYiCrKjA2paEPwll9eJa1qxbuqVO9r5Xotj6MAp3AGl+DBNdThDhrQBAYSnuEV3hztvDjvzseidc3JZ07gD5zPHxdEjzE=</latexit>

background|~p
(�

1
)
+

~p(
� 2
)|

<latexit sha1_base64="uMZw2ChDBS0C4upvy+4oC4c/rzQ=">AAACEHicbVDLSgMxFM34rPU16tJNsIgtQpmpBV0W3LisYB/QGYZMmrahSWZIMoUy7Se48VfcuFDErUt3/o1pOwttPXDhcM693HtPGDOqtON8W2vrG5tb27md/O7e/sGhfXTcVFEiMWngiEWyHSJFGBWkoalmpB1LgnjISCsc3s781ohIRSPxoMcx8TnqC9qjGGkjBfbFxBsRnMbTotdHnKPALcFLuKRVSpPALjhlZw64StyMFECGemB/ed0IJ5wIjRlSquM6sfZTJDXFjEzzXqJIjPAQ9UnHUIE4UX46f2gKz43Shb1ImhIaztXfEyniSo15aDo50gO17M3E/7xOons3fkpFnGgi8GJRL2FQR3CWDuxSSbBmY0MQltTcCvEASYS1yTBvQnCXX14lzUrZvSpX7quFWjWLIwdOwRkoAhdcgxq4A3XQABg8gmfwCt6sJ+vFerc+Fq1rVjZzAv7A+vwBTJWcDw==</latexit>

BR(p̄d ! ⇡�p) =
<latexit sha1_base64="02Gb4FfYfp/KDwymIx8I5DwvSwI=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEurDM1IJuhKIbl1XsAzpjyWTSNjSTCUlGKENx46+4caGIW7/CnX9j2s5CqwcCh3Pu5eacQDCqtON8WbmFxaXllfxqYW19Y3PL3t5pqjiRmDRwzGLZDpAijHLS0FQz0haSoChgpBUMLyd+655IRWN+q0eC+BHqc9qjGGkjde29i5uSFyCZinHo6Rh6gt4diyN4Drt20Sk7U8C/xM1IEWSod+1PL4xxEhGuMUNKdVxHaD9FUlPMyLjgJYoIhIeoTzqGchQR5afTCGN4aJQQ9mJpHtdwqv7cSFGk1CgKzGSE9EDNexPxP6+T6N6Zn1IuEk04nh3qJQyarJM+YEglwZqNDEFYUvNXiAdIIqxNawVTgjsf+S9pVsruSblyXS3WqlkdebAPDkAJuOAU1MAVqIMGwOABPIEX8Go9Ws/Wm/U+G81Z2c4u+AXr4xsgA5Xp</latexit>

(1.41± 0.14)⇥ 10�5
<latexit sha1_base64="xvi8sTnUk58D7I+h2m4WqYmH+UQ=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF4ZMjeiy4MZlBfuAJpbJdNIOnUnCzEQooTs3/oobF4q49Rfc+TdOHwutHrhwOOde7r0nTDlT2nW/rMLS8srqWnG9tLG5tb1j7+41VZJJQhsk4Ylsh1hRzmLa0Exz2k4lxSLktBUOryZ+655KxZL4Vo9SGgjcj1nECNZG6tqHFeR4CPqpgK6DvBPoayaogsi9y0/Px1277DruFPAvQXNSBnPUu/an30tIJmisCcdKdZCb6iDHUjPC6bjkZ4qmmAxxn3YMjbFZFuTTP8bw2Cg9GCXSVKzhVP05kWOh1EiEplNgPVCL3kT8z+tkOroMchanmaYxmS2KMg51AiehwB6TlGg+MgQTycytkAywxESb6EomBLT48l/SrDrozKneeOWaN4+jCA7AEagABC5ADVyDOmgAAh7AE3gBr9aj9Wy9We+z1oI1n9kHv2B9fAOgopX1</latexit>

(7.02± 0.72)⇥ 10�6
<latexit sha1_base64="PZ1xzw+bt4OKjHVkF363grfu6oE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF4YkFuuy4MZlBfuAJpbJdNIOnUnCzEQooTs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89QcKoVLb9bRRWVtfWN4qbpa3tnd09c/+gJeNUYNLEMYtFJ0CSMBqRpqKKkU4iCOIBI+1gdD312w9ESBpHd2qcEJ+jQURDipHSUs88rtQs24VewqFt1dwz6CnKiYSOfZ+dX056Ztm27BngMnFyUgY5Gj3zy+vHOOUkUpghKbuOnSg/Q0JRzMik5KWSJAiP0IB0NY2QXuZnsz8m8FQrfRjGQlek4Ez9PZEhLuWYB7qTIzWUi95U/M/rpiq88jMaJakiEZ4vClMGVQynocA+FQQrNtYEYUH1rRAPkUBY6ehKOgRn8eVl0nIt58Jyb6vlejWPowiOwAmoAAfUQB3cgAZoAgwewTN4BW/Gk/FivBsf89aCkc8cgj8wPn8ArWKV/Q==</latexit>

BR(p̄d ! ⇡0n) =
<latexit sha1_base64="92PGNspzXHUvh22hkYmWibRw0Fw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbM1IJuhKIbl1XsAzpjyWQybWgmE5KMUIa68VfcuFDErX/hzr8xfSy09UDgcM693JwTCEaVdpxvK7e0vLK6ll8vbGxube/Yu3tNlaQSkwZOWCLbAVKEUU4ammpG2kISFAeMtILB1dhvPRCpaMLv9FAQP0Y9TiOKkTZS1z64vC15AZKZGIWeTqAn6L3DT+BF1y46ZWcCuEjcGSmCGepd+8sLE5zGhGvMkFId1xHaz5DUFDMyKnipIgLhAeqRjqEcxUT52STBCB4bJYRRIs3jGk7U3xsZipUaxoGZjJHuq3lvLP7ndVIdnfsZ5SLVhOPpoShl0EQd1wFDKgnWbGgIwpKav0LcRxJhbUormBLc+ciLpFkpu6flyk21WKvO6siDQ3AESsAFZ6AGrkEdNAAGj+AZvII368l6sd6tj+lozprt7IM/sD5/AMOflcA=</latexit>

x 2

p̄d ! ⇡0⇡0n
<latexit sha1_base64="XcgKVlmVWNF0tjzIonu+YGSrLh4=">AAACAHicbVC7TsMwFL0pr1JeBQYGFosKialKSiUYK7EwFok+pCZUjuO0Vp3Esh2kKurCr7AwgBArn8HG3+CmGaDlSLaOzrlX9jm+4Exp2/62SmvrG5tb5e3Kzu7e/kH18KirklQS2iEJT2Tfx4pyFtOOZprTvpAURz6nPX9yM/d7j1QqlsT3eiqoF+FRzEJGsDbSsHri+lhmYha4OkGuYA92fhmnZtftHGiVOAWpQYH2sPrlBglJIxprwrFSA8cW2suw1IxwOqu4qaICkwke0YGhMY6o8rI8wAydGyVAYSLNiTXK1d8bGY6Umka+mYywHqtlby7+5w1SHV57GYtFqmlMFg+FKUcm7LwNFDBJieZTQzCRzPwVkTGWmGjTWcWU4CxHXiXdRt25rDfumrVWs6ijDKdwBhfgwBW04Bba0AECM3iGV3iznqwX6936WIyWrGLnGP7A+vwBYraWNw==</latexit>

search in min. bias and normalize to 

Example:

Am95

Be94, Ab99, Am95, 
Ab94, Go02

1



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !31

Rescattering

Predictions uncertain:  4 - 12 x 10-5  
• depending on NN potential,  

short distance uncertain
• deuteron wave function,  

meson form factors 10-6 - 10-3

Os89

Ko89

Fireball model (see next slide)

Fireball production
which decays hadronically, presumably via

Cu84, 89

3q, 6q bag

�31

-

-



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !32

2 p̄d ! ⇤K0,⌃0K0
<latexit sha1_base64="iJ5UGqEgZu1FuO7f1TMpSKWWFIA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxIWWmFnRZcCPooqJ9QKctdzKZNjTzIMkIZegfuPFX3LhQxK1bd/6NaTsLbT0QODn3HpJz3JgzqSzr28gtLa+sruXXCxubW9s75u5eQ0aJILROIh6JlguSchbSumKK01YsKAQup013eDmZNx+okCwK79Uopp0A+iHzGQGlpZ557Lgg0njsOSrCzo02eoCvu9Ypdu5YP4CuNbnhnlm0StYUeJHYGSmiDLWe+eV4EUkCGirCQcq2bcWqk4JQjHA6LjiJpDGQIfRpW9MQAio76TTPGB9pxcN+JPQJFZ6qvx0pBFKOAldvBqAGcn42Ef+btRPlX3RSFsaJoiGZPeQnHOvsk3KwxwQlio80ASKY/ismAxBAlK6woEuw5yMvkka5ZJ+VyreVYrWS1ZFHB+gQnSAbnaMqukI1VEcEPaJn9IrejCfjxXg3PmarOSPz7KM/MD5/AA9ymq8=</latexit>

Crystal Barrel

⌃0 ! ⇤�
<latexit sha1_base64="emKrap9UuNRPqBT055L9vcpCvQI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4Kkkt6LLgxoWLivYBTSw3k0k6dCYJMxOhlIIbf8WNC0Xc+hPu/Bunj4W2Hhg4nHMPd+4JMs6Udpxva2l5ZXVtvbBR3Nza3tm19/abKs0loQ2S8lS2A1CUs4Q2NNOctjNJQQSctoL+5dhvPVCpWJrc6UFGfQFxwiJGQBupax96tywWcO9gT6fYuzbJELwYhICuXXLKzgR4kbgzUkIz1Lv2lxemJBc00YSDUh3XybQ/BKkZ4XRU9HJFMyB9iGnH0AQEVf5wcsMInxglxFEqzUs0nqi/E0MQSg1EYCYF6J6a98bif14n19GFP2RJlmuakOmiKOfYnDsuBIdMUqL5wBAgkpm/YtIDCUSb2oqmBHf+5EXSrJTds3LlplqqVWd1FNAROkanyEXnqIauUB01EEGP6Bm9ojfryXqx3q2P6eiSNcscoD+wPn8A296W+w==</latexit>

⇤ ! p⇡�
<latexit sha1_base64="IilAD5bUQaNIsQGw7toug9ZQd68=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpBV0W3LhwUcE+oIllMpm0QyfJMDMRS+mvuHGhiFt/xJ1/47TNQlsPDBzOOZe59wSCM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3STBLaIilPZTfAinKW0JZmmtOukBTHAaedYHQ98zuPVCqWJvd6LKgf40HCIkawNlLfLnu3Jhxi5OkUCU+wh/O+XXGqzhxolbg5qUCOZt/+8sKUZDFNNOFYqZ7rCO1PsNSMcDoteZmiApMRHtCeoQmOqfIn892n6NQoIYpSaV6i0Vz9PTHBsVLjODDJGOuhWvZm4n9eL9PRlT9hicg0TcjioyjjyNw5KwKFTFKi+dgQTCQzuyIyxBITbeoqmRLc5ZNXSbtWdS+qtbt6pVHP6yjCMZzAGbhwCQ24gSa0gMATPMMrvFlT68V6tz4W0YKVzxzBH1ifP9v2k6E=</latexit>

15 mstrips, pitch 50 mm, 

add a microstrip detector:

Ab99

⇤KS
<latexit sha1_base64="84Q+4tS5+N2agzhRb996mVc4NDw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjO1oMuCG0EXFe0DpkPJZDJtaCYZkjtCKf0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6305hbX1jc6u4XdrZ3ds/KB8etY3KNGUtqoTS3ZAYJrhkLeAgWDfVjCShYJ1wdD3zO09MG67kI4xTFiRkIHnMKQEr+b07G40Ivu0/9MsVt+rOgVeJl5MKytHsl796kaJZwiRQQYzxPTeFYEI0cCrYtNTLDEsJHZEB8y2VJGEmmMxXnuIzq0Q4Vto+CXiu/p6YkMSYcRLaZEJgaJa9mfif52cQXwUTLtMMmKSLj+JMYFB4dj+OuGYUxNgSQjW3u2I6JJpQsC2VbAne8smrpF2rehfV2n290qjndRTRCTpF58hDl6iBblATtRBFCj2jV/TmgPPivDsfi2jByWeO0R84nz9YZJCY</latexit>

⌃0KS
<latexit sha1_base64="Gb6IFsaOwb/U+NKGcXkpglOiY+Q=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oMeCF8FLpfYDumvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6387a+sbm1nZhp7i7t39wWDo6bus4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTjm9mfueJKs1i+WAmCQ0EHkoWMYKNlXy/yYYCP7rort/sl8puxZ0DrRIvJ2XI0eiXvvxBTFJBpSEca93z3MQEGVaGEU6nRT/VNMFkjIe0Z6nEguogm988RedWGaAoVrakQXP190SGhdYTEdpOgc1IL3sz8T+vl5roOsiYTFJDJVksilKOTIxmAaABU5QYPrEEE8XsrYiMsMLE2JiKNgRv+eVV0q5WvMtK9b5WrtfyOApwCmdwAR5cQR1uoQEtIJDAM7zCm5M6L86787FoXXPymRP4A+fzB987kOA=</latexit>

(2.35 ± 0.45)  x   10-6

⌃0K0
<latexit sha1_base64="JGYIHZyOO6KqfpC8daxvvIXWaJY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oMeCF8FLRfsB3W3Jptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuJKs1i+WgmCQ0EHkoWMYKNlXz/gQ0F7rnoruf2S2W34s6BVomXkzLkaPRLX/4gJqmg0hCOte56bmKCDCvDCKfTop9qmmAyxkPatVRiQXWQzW+eonOrDFAUK1vSoLn6eyLDQuuJCG2nwGakl72Z+J/XTU10HWRMJqmhkiwWRSlHJkazANCAKUoMn1iCiWL2VkRGWGFibExFG4K3/PIqaVUr3mWlel8r12t5HAU4hTO4AA+uoA630IAmEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5A6iqkLw=</latexit>

⇤K0
<latexit sha1_base64="FnMceeZc0MWNp5TGcOEu9Ztnv84=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjO1oMuCG0EXFewDpmPJZDJtaCYZkjtCKf0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6305hbX1jc6u4XdrZ3ds/KB8etY3KNGUtqoTS3ZAYJrhkLeAgWDfVjCShYJ1wdD3zO09MG67kA4xTFiRkIHnMKQEr+b07G40Ivn10++WKW3XnwKvEy0kF5Wj2y1+9SNEsYRKoIMb4nptCMCEaOBVsWuplhqWEjsiA+ZZKkjATTOYrT/GZVSIcK22fBDxXf09MSGLMOAltMiEwNMveTPzP8zOIr4IJl2kGTNLFR3EmMCg8ux9HXDMKYmwJoZrbXTEdEk0o2JZKtgRv+eRV0q5VvYtq7b5eadTzOoroBJ2ic+ShS9RAN6iJWogihZ7RK3pzwHlx3p2PRbTg5DPH6A+czx8h05B0</latexit>

(2.15 ± 0.45)  x   10-6

equal branching ratios

⇤ ! p⇡�
<latexit sha1_base64="IilAD5bUQaNIsQGw7toug9ZQd68=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpBV0W3LhwUcE+oIllMpm0QyfJMDMRS+mvuHGhiFt/xJ1/47TNQlsPDBzOOZe59wSCM6Ud59sqrK1vbG4Vt0s7u3v7B/Zhua3STBLaIilPZTfAinKW0JZmmtOukBTHAaedYHQ98zuPVCqWJvd6LKgf40HCIkawNlLfLnu3Jhxi5OkUCU+wh/O+XXGqzhxolbg5qUCOZt/+8sKUZDFNNOFYqZ7rCO1PsNSMcDoteZmiApMRHtCeoQmOqfIn892n6NQoIYpSaV6i0Vz9PTHBsVLjODDJGOuhWvZm4n9eL9PRlT9hicg0TcjioyjjyNw5KwKFTFKi+dgQTCQzuyIyxBITbeoqmRLc5ZNXSbtWdS+qtbt6pVHP6yjCMZzAGbhwCQ24gSa0gMATPMMrvFlT68V6tz4W0YKVzxzBH1ifP9v2k6E=</latexit>

KS ! ⇡+⇡�
<latexit sha1_base64="JHslLR+oFa/ul3grHUy5OBRHCPA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEtSC7osuBHcVLQPaGKYTCft0MmDmYlYQn/FjQtF3Poj7vwbJ20X2npghsM593LvPX7CmVSW9W0UVlbX1jeKm6Wt7Z3dPXO/3JZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3SV+51HKiSLo3s1Tqgb4kHEAkaw0pJnlm+8O+SoGDkJezjNvzPPrFhVawq0TOw5qcAcTc/8cvoxSUMaKcKxlD3bSpSbYaEY4XRSclJJE0xGeEB7mkY4pNLNprtP0LFW+iiIhX6RQlP1d0eGQynHoa8rQ6yGctHLxf+8XqqCSzdjUZIqGpHZoCDlSN+aB4H6TFCi+FgTTATTuyIyxAITpeMq6RDsxZOXSbtWtc+rtdt6pVGfx1GEQziCE7DhAhpwDU1oAYEneIZXeDMmxovxbnzMSgvGvOcA/sD4/AFbkpNP</latexit>

2 prongs or 4 prongs  K0 : KS or KL
<latexit sha1_base64="dEI1ViHCdVGw5mIcjfL9Sj48g04=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZqQXFVcGNUBcV7QU645BJM21okhmSjFCG4sZXceNCEbc+hTvfxvSy0NYfAh//OYeT84cJo0o7zreVW1peWV3Lrxc2Nre2d+zdvaaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eByXG89EKloLO70MCE+Rz1BI4qRNlZgH9TunQtYC26hBzNPchjLkcFacB3YRafkTAQXwZ1BEcxUD+wvrxvjlBOhMUNKdVwn0X6GpKaYkVHBSxVJEB6gHukYFIgT5WeTE0bw2DhdGMXSPKHhxP09kSGu1JCHppMj3VfztbH5X62T6ujcz6hIUk0Eni6KUgZ1DMd5wC6VBGs2NICwpOavEPeRRFib1AomBHf+5EVolkvuaal8UylWK7M48uAQHIET4IIzUAVXoA4aAINH8AxewZv1ZL1Y79bHtDVnzWb2wR9Znz/vj5Ut</latexit>

KS ! ⇡+⇡�, KL not detected
<latexit sha1_base64="+S4NvfpS9P+t7YzzEFTUhpJ6JfM=">AAACG3icbVDLSgMxFM3UV62vqks3wSIIapmpBV0W3Ah1UdE+oFOHTOa2Dc1khiQjlKH/4cZfceNCEVeCC//G9LHQ6g25HM65l+QcP+ZMadv+sjILi0vLK9nV3Nr6xuZWfnunoaJEUqjTiEey5RMFnAmoa6Y5tGIJJPQ5NP3BxVhv3oNULBK3ehhDJyQ9wbqMEm0oL1+qejfY1RF2Y3Z3NG4nx9g1p+pdmZ66MsQi0gYGoIFqCEZevmAX7Unhv8CZgQKaVc3Lf7hBRJMQhKacKNV27Fh3UiI1oxxGOTdREBM6ID1oGyhICKqTTryN8IFhAtyNpLlC4wn7cyMloVLD0DeTIdF9Na+Nyf+0dqK7552UiTjRIOj0oW7CscliHBQOmDR++dAAQiUzf8W0TyQxGUiVMyE485b/gkap6JwWS9flQqU8iyOL9tA+OkQOOkMVdIlqqI4oekBP6AW9Wo/Ws/VmvU9HM9ZsZxf9KuvzG/9wnuc=</latexit>

Do98

⌃0
<latexit sha1_base64="9OBUVZS2oJ7uGpiw2WxbspbxSzE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXjxWtB/QriWbZtvQJLsmWaEs/RNePCji1b/jzX9jut2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp757SeqNIvkvZnE1Bd4KFnICDZW6vTu2FDgB7dfrrhVNwNaJl5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSyUWVPtpdu8UnVhlgMJI2ZIGZerviRQLrScisJ0Cm5Fe9Gbif143MeGVnzIZJ4ZKMl8UJhyZCM2eRwOmKDF8YgkmitlbERlhhYmxEZVsCN7iy8ukVat6Z9Xa7XmlfpHHUYQjOIZT8OAS6nADDWgCAQ7P8ApvzqPz4rw7H/PWgpPPHMIfOJ8/jy6PnQ==</latexit>

⇤
<latexit sha1_base64="gngEtPiN45NAxUVXrhF821giLGM=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR1DJgY2ERwTwgWcLs7GwyZHZ2mbkrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niCVwqDrfjuFtfWNza3idmlnd2//oHx41DJJphlvskQmuhNQw6VQvIkCJe+kmtM4kLwdjG5nfvuJayMS9YjjlPsxHSgRCUbRSu3evY2GtF+uuFV3DrJKvJxUIEejX/7qhQnLYq6QSWpM13NT9CdUo2CST0u9zPCUshEd8K6lisbc+JP5ulNyZpWQRIm2TyGZq78nJjQ2ZhwHNhlTHJplbyb+53UzjG78iVBphlyxxUdRJgkmZHY7CYXmDOXYEsq0sLsSNqSaMrQNlWwJ3vLJq6RVq3oX1drDZaV+lddRhBM4hXPw4BrqcAcNaAKDETzDK7w5qfPivDsfi2jByWeO4Q+czx8JV49V</latexit>

KS
<latexit sha1_base64="JbaDXfPX6UYxQFhNJGI8E4VRSXg=">AAAB6nicbZDLSsNAFIZP6q22XqouuxksgquSVFCXBRcKbiq1F2hDmUwm7dDJJMxMhBL6CG5cKMWtr+ILuPNtnLRdaOsPAx//fw5zzvFizpS27W8rt7G5tb2T3y0U9/YPDktHx20VJZLQFol4JLseVpQzQVuaaU67saQ49DjteOObLO88UalYJB71JKZuiIeCBYxgbazm/aA5KFXsqj0XWgdnCZV68XZW/uz6jUHpq+9HJAmp0IRjpXqOHWs3xVIzwum00E8UjTEZ4yHtGRQ4pMpN56NO0ZlxfBRE0jyh0dz93ZHiUKlJ6JnKEOuRWs0y87+sl+jg2k2ZiBNNBVl8FCQc6QhleyOfSUo0nxjARDIzKyIjLDHR5joFcwRndeV1aNeqzkW19uBU6pewUB7KcArn4MAV1OEOGtACAkN4hld4s7j1Ys2s90Vpzlr2nMAfWR8/sqiQUQ==</latexit>

KS
<latexit sha1_base64="JbaDXfPX6UYxQFhNJGI8E4VRSXg=">AAAB6nicbZDLSsNAFIZP6q22XqouuxksgquSVFCXBRcKbiq1F2hDmUwm7dDJJMxMhBL6CG5cKMWtr+ILuPNtnLRdaOsPAx//fw5zzvFizpS27W8rt7G5tb2T3y0U9/YPDktHx20VJZLQFol4JLseVpQzQVuaaU67saQ49DjteOObLO88UalYJB71JKZuiIeCBYxgbazm/aA5KFXsqj0XWgdnCZV68XZW/uz6jUHpq+9HJAmp0IRjpXqOHWs3xVIzwum00E8UjTEZ4yHtGRQ4pMpN56NO0ZlxfBRE0jyh0dz93ZHiUKlJ6JnKEOuRWs0y87+sl+jg2k2ZiBNNBVl8FCQc6QhleyOfSUo0nxjARDIzKyIjLDHR5joFcwRndeV1aNeqzkW19uBU6pewUB7KcArn4MAV1OEOGtACAkN4hld4s7j1Ys2s90Vpzlr2nMAfWR8/sqiQUQ==</latexit>

Between microstrips and drift chamber:
n   = 0  -> 2 or 4 ±



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !33

Rescattering?

g(KN⇤) >> g(KN⌃) (⇤(1405))
<latexit sha1_base64="Qfv2zwa5whz6VyhDHOgjZVC4eEw=">AAACGXicbVDLSgMxFM3UV62vUZdugkWYbspMreiqFNwIilS0tdAZSiaTmYZmHiQZoZT+hht/xY0LRVzqyr8xnc5CW28InHvOPST3uAmjQprmt1ZYWl5ZXSuulzY2t7Z39N29johTjkkbxyzmXRcJwmhE2pJKRroJJyh0Gbl3h+dT/f6BcEHj6E6OEuKEKIioTzGSiurrZmBcXttXyuChCmw0YNbf0iBUra0ONHLVsOrmSaXS18tm1cwKLgIrB2WQV6uvf9pejNOQRBIzJETPMhPpjBGXFDMyKdmpIAnCQxSQnoIRColwxtlmE3ikGA/6MVc3kjBjfzvGKBRiFLpqMkRyIOa1Kfmf1kulf+aMaZSkkkR49pCfMihjOI0JepQTLNlIAYQ5VX+FeIA4wlKFWVIhWPMrL4JOrWodV2s39XKznsdRBAfgEBjAAqegCS5AC7QBBo/gGbyCN+1Je9HetY/ZaEHLPfvgT2lfP0tTnAo=</latexit>

Fireball:

Cu84, 89

• pN:  annihilation in agreement with phase space weights with annihilation  branching ratios for

p̄p ! pions, kaons
<latexit sha1_base64="ZgXtcTauCUIRi0iK889MfGWUsYM=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgQspMLeiy4MZlBfuAzlAyadqGZjIhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8ETs65l+ScUHKmjet+O4W19Y3NreJ2aWd3b/+gfHjU1nGiCG2RmMeqG2JNORO0ZZjhtCsVxVHIaSec3Mz8zgNVmsXi3kwlDSI8EmzICDZW6pcrfohVKjOJfBMjH6W+ipC0lr6wtwm2JLNTbtWdA60SLycVyNHsl7/8QUySiApDONa657nSBClWhhFOs5KfaCoxmeAR7VkqcER1kM7DZOjMKgM0jJU9wqC5+nsjxZHW0yi0kxE2Y73szcT/vF5ihtdByoRMDBVk8dAw4cjmnjWDBkxRYvjUEkwUs39FZIwVJsb2V7IleMuRV0m7VvUuq7W7eqVRz+sowgmcwjl4cAUNuIUmtIDAIzzDK7w5T86L8+58LEYLTr5zDH/gfP4Ax8Waww==</latexit>

• p2N annihilation: rate = probability P to form fireball x phase space factor

p̄d ! ⇡�p
<latexit sha1_base64="nz5Y/ATRyM4kqsDXvnlq5w473eM=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYklqQY8FLx4r2A9oYtlstu3STbLsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzAsGZ0o7zba2tb2xubZd2yrt7+weH9tFxRyWpJLRNEp7IXoAV5Symbc00pz0hKY4CTrvB5Gbmdx+pVCyJ73UmqB/hUcyGjGBtpIFd8QIsczENkacT5An2cCEGdtWpOXOgVeIWpAoFWgP7ywsTkkY01oRjpfquI7SfY6kZ4XRa9lJFBSYTPKJ9Q2McUeXn8+On6MwoIRom0lSs0Vz9PZHjSKksCkxnhPVYLXsz8T+vn+rhtZ+zWKSaxmSxaJhyZP6cJYFCJinRPDMEE8nMrYiMscREm7zKJgR3+eVV0qnX3Mta/a5RbTaKOEpwAqdwDi5cQRNuoQVtIJDBM7zCm/VkvVjv1seidc0qZirwB9bnDy+9lGs=</latexit>

B(                     ) {4.7 x 10-4 P = 3%

then B(                                )p̄d ! ⇤K0,⌃0K0
<latexit sha1_base64="iJ5UGqEgZu1FuO7f1TMpSKWWFIA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxIWWmFnRZcCPooqJ9QKctdzKZNjTzIMkIZegfuPFX3LhQxK1bd/6NaTsLbT0QODn3HpJz3JgzqSzr28gtLa+sruXXCxubW9s75u5eQ0aJILROIh6JlguSchbSumKK01YsKAQup013eDmZNx+okCwK79Uopp0A+iHzGQGlpZ557Lgg0njsOSrCzo02eoCvu9Ypdu5YP4CuNbnhnlm0StYUeJHYGSmiDLWe+eV4EUkCGirCQcq2bcWqk4JQjHA6LjiJpDGQIfRpW9MQAio76TTPGB9pxcN+JPQJFZ6qvx0pBFKOAldvBqAGcn42Ef+btRPlX3RSFsaJoiGZPeQnHOvsk3KwxwQlio80ASKY/ismAxBAlK6woEuw5yMvkka5ZJ+VyreVYrWS1ZFHB+gQnSAbnaMqukI1VEcEPaJn9IrejCfjxXg3PmarOSPz7KM/MD5/AA9ymq8=</latexit>

= 3% x phase space (                     )⇤K0,⌃0K0
<latexit sha1_base64="FPlCQV5Wyv/yWyl1eu5Pk+KiCBc=">AAACAnicbVDNS8MwHE3n15xfVU/iJTgEDzLaOdDjwIugh4nuA9ZupGm6hSVtSVJhlOHFf8WLB0W8+ld4878x3XrQzQeBl/fej+T3vJhRqSzr2ygsLa+srhXXSxubW9s75u5eS0aJwKSJIxaJjockYTQkTUUVI51YEMQ9Rtre6DLz2w9ESBqF92ocE5ejQUgDipHSUt88cG502EfwumedQueODjjqWdmtb5atijUFXCR2TsogR6Nvfjl+hBNOQoUZkrJrW7FyUyQUxYxMSk4iSYzwCA1IV9MQcSLddLrCBB5rxYdBJPQJFZyqvydSxKUcc08nOVJDOe9l4n9eN1HBhZvSME4UCfHsoSBhUEUw6wP6VBCs2FgThAXVf4V4iATCSrdW0iXY8ysvkla1Yp9Vqre1cr2W11EEh+AInAAbnIM6uAIN0AQYPIJn8ArejCfjxXg3PmbRgpHP7IM/MD5/AC9BlVE=</latexit>{

~10-4

= 3 x 10-6

(2.35 ± 0.45)  x   10-6

⌃0K0
<latexit sha1_base64="JGYIHZyOO6KqfpC8daxvvIXWaJY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oMeCF8FLRfsB3W3Jptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuJKs1i+WgmCQ0EHkoWMYKNlXz/gQ0F7rnoruf2S2W34s6BVomXkzLkaPRLX/4gJqmg0hCOte56bmKCDCvDCKfTop9qmmAyxkPatVRiQXWQzW+eonOrDFAUK1vSoLn6eyLDQuuJCG2nwGakl72Z+J/XTU10HWRMJqmhkiwWRSlHJkazANCAKUoMn1iCiWL2VkRGWGFibExFG4K3/PIqaVUr3mWlel8r12t5HAU4hTO4AA+uoA630IAmEEjgGV7hzUmdF+fd+Vi0rjn5zAn8gfP5A6iqkLw=</latexit>

⇤K0
<latexit sha1_base64="FnMceeZc0MWNp5TGcOEu9Ztnv84=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjO1oMuCG0EXFewDpmPJZDJtaCYZkjtCKf0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0wFN+C6305hbX1jc6u4XdrZ3ds/KB8etY3KNGUtqoTS3ZAYJrhkLeAgWDfVjCShYJ1wdD3zO09MG67kA4xTFiRkIHnMKQEr+b07G40Ivn10++WKW3XnwKvEy0kF5Wj2y1+9SNEsYRKoIMb4nptCMCEaOBVsWuplhqWEjsiA+ZZKkjATTOYrT/GZVSIcK22fBDxXf09MSGLMOAltMiEwNMveTPzP8zOIr4IJl2kGTNLFR3EmMCg8ux9HXDMKYmwJoZrbXTEdEk0o2JZKtgRv+eRV0q5VvYtq7b5eadTzOoroBJ2ic+ShS9RAN6iJWogihZ7RK3pzwHlx3p2PRbTg5DPH6A+czx8h05B0</latexit>

(2.15 ± 0.45)  x   10-6

and both channels ~equal

Data:

• Future check:   p3N annihilation

p̄
3
He ! np

<latexit sha1_base64="DED1qt6po4lb7qOaLC9WqTOaLuI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GS2Cq5K0BV0W3HRZwT6giWUyvWmHTiZhZiLUUPwVNy4Ucet/uPNvnD4W2nrgwuGce7n3niDhTGnH+bZya+sbm1v57cLO7t7+gX141FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Gbqtx9AKhaLOz1OwI/IQLCQUaKN1LNPvIDILJng+4p3VgdPx1gkPbvolJwZ8CpxF6SIFmj07C+vH9M0AqEpJ0p1XSfRfkakZpTDpOClChJCR2QAXUMFiUD52ez6Cb4wSh+HsTQlNJ6pvycyEik1jgLTGRE9VMveVPzP66Y6vPYzJpJUg6DzRWHKsflxGgXuMwlU87EhhEpmbsV0SCSh2gRWMCG4yy+vkla55FZK5dtqsVZdxJFHp+gcXSIXXaEaqqMGaiKKHtEzekVv1pP1Yr1bH/PWnLWYOUZ/YH3+AF9JlHo=</latexit>

n̄
3
He ! pp

<latexit sha1_base64="pzZaWlHh3qznua8oifdZYvxk6Tw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GS2Cq5K0BV0W3HRZwT6giWUyvWmHTiZhZiLUUPwVNy4Ucet/uPNvnD4W2nrgwuGce7n3niDhTGnH+bZya+sbm1v57cLO7t7+gX141FJxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB6Gbqtx9AKhaLOz1OwI/IQLCQUaKN1LNPvIDITEzwfcU7q4OnY5wkPbvolJwZ8CpxF6SIFmj07C+vH9M0AqEpJ0p1XSfRfkakZpTDpOClChJCR2QAXUMFiUD52ez6Cb4wSh+HsTQlNJ6pvycyEik1jgLTGRE9VMveVPzP66Y6vPYzJpJUg6DzRWHKsflxGgXuMwlU87EhhEpmbsV0SCSh2gRWMCG4yy+vkla55FZK5dtqsVZdxJFHp+gcXSIXXaEaqqMGaiKKHtEzekVv1pP1Yr1bH/PWnLWYOUZ/YH3+AF8vlHo=</latexit>

~10-6

much larger than for 
rescattering (10-8 - 10-7)

~10-7 ~10-9

⇤
<latexit sha1_base64="jm2fWbSBeGuXMGgOOKmE35gY2Jg=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsxoGXAxsIignlAsoTZ2UkyZHZ2mbkrhCUfYWOhiK3fY+ffOEm20MQDA4dzzmXuPUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlJiKBhFK3X69zYa0kG54lbdBcg68XJSgRzNQfmrH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFujNyYZWQDGNtn0KyUH9PZDQyZhoFNhlRHJtVby7+5/VSHN74mVBJilyx5UfDVBKMyfx2EgrNGcqpJZRpYXclbEw1ZWgbKtkSvNWT10m7VvWuqrWHeqVRz+sowhmcwyV4cA0NuIMmtIDBBJ7hFd6cxHlx3p2PZbTg5DOn8AfO5w8IvY9T</latexit>

⌃0
<latexit sha1_base64="UIBnhm1RQgv9zBDn2F5f91I6NL8=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7JbC3osePFY0X5Au5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vp757SeqNIvlvZkkNBB4KFnECDZW6vTu2FDgB6/vlr2KNwdaJX5OypCj0Xe/eoOYpIJKQzjWuut7iQkyrAwjnE5LvVTTBJMxHtKupRILqoNsfu8UnVllgKJY2ZIGzdXfExkWWk9EaDsFNiO97M3E/7xuaqKrIGMySQ2VZLEoSjkyMZo9jwZMUWL4xBJMFLO3IjLCChNjIyrZEPzll1dJq1rxLyrV21q5XsvjKMIJnMI5+HAJdbiBBjSBAIdneIU359F5cd6dj0VrwclnjuEPnM8fjpSPmw==</latexit>

6=
<latexit sha1_base64="+EkMKYlY9zMGGB2/idfV/VEnV7A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+he8eFDEq3/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1MylvsTHQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLWGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/HEy5AqZEVNLKFPc3krYmCrKjI2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgZjeIZXeHMi58V5dz6WrQUnnzmFP3A+fwAVJY44</latexit>

too small Ko89, He89

6=
<latexit sha1_base64="+EkMKYlY9zMGGB2/idfV/VEnV7A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+he8eFDEq3/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1MylvsTHQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLWGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/HEy5AqZEVNLKFPc3krYmCrKjI2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgZjeIZXeHMi58V5dz6WrQUnnzmFP3A+fwAVJY44</latexit>

P x 

phase space factor

OK!

fireball prediction:

Ko88

=

⇤(1405)
<latexit sha1_base64="FRkxq2s38tNKUwLYJaWXRy2PVI4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN2Wm1sey4MaFiwr2Ae1QMplMG5rJjEmmUIZ+hxsXirj1Y9z5N6btLLT1QOBwzrncm+PFnClt299Wbm19Y3Mrv13Y2d3bPygeHrVUlEhCmyTikex4WFHOBG1qpjntxJLi0OO07Y1uZ357TKVikXjUk5i6IR4IFjCCtZHc3r2J+rjs1OzL836xZFfsOdAqcTJSggyNfvGr50ckCanQhGOluo4dazfFUjPC6bTQSxSNMRnhAe0aKnBIlZvOj56iM6P4KIikeUKjufp7IsWhUpPQM8kQ66Fa9mbif1430cGNmzIRJ5oKslgUJBzpCM0aQD6TlGg+MQQTycytiAyxxESbngqmBGf5y6ukVa04F5XqQ61Uv8rqyMMJnEIZHLiGOtxBA5pA4Ame4RXerLH1Yr1bH4tozspmjuEPrM8fpoqQrA==</latexit>
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Antiproton annihilation on the nucleus

Annihilation successfully described 
by Intranuclear Cascade model (INC), Liège model

INC

• on one nucleon at the surface  @ 10% of nuclear density, 
low multiplicity, 350 MeV/c average pion momentum

• by pion rescattering, short range (D resonance) 
localized deposit, nuclear fragments, deeper inside, high multiplicity 

• more neutron emission than N/Z (LEAR PS203), not explained in INC Po95

Polster95

PS186, 203 p, d, t, 4He, 3He from Li to U, 20 -180 MeV
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SPESII spectrometerPS184:

p
p

Black sphere

Ga84

+ heavier fragments:

TOF

Pl93, Po95

Be94

Gu89

(Striking features from a non-expert, see review of v. Egidy Eg87)
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• Annihilation on the surface:  AgBr (emulsions),  LEAR 0-500 MeV/c  (PS179) Ba86

590 MeV/c  (on U)

Annihilation probability:

• Evidence for a neutron halo: BNL experiment stopped antiprotons (BNL 1973) Bu73

Target in BBC, measure odd/even number of prongs

V=0
V=250 MeV

Cl82

More annihilation on neutrons than expected from N/Z
Factor 6 from C to Pb

surface interiorinterior

High multiplicity from the interior

• Nothing unusual in the production of strangeness (such as an enhancement due to quark-gluon 
plasma)  ~ 6.2 % kaons at rest and 400 - 900 MeV/c  (ITEP Xe BBC), INC: 6.25% at 650 MeV/c!

Dol91K̄N ! ⇤⇡
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Hyperon production through e.g.
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• Streamer chamber (PS179)

d < p                   p in the shadow of the n

pd

Annihilation cross sections:

30                    50                      70 MeV/c

4
He

<latexit sha1_base64="773yyciC93WsMixqh84Z0Akb9hw=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0k6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55F2WyneVYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/OvkGg=</latexit>

3
He

<latexit sha1_base64="3BNxDGxt7B9j3wL1UtFIWvNx7Z0=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0w6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55FVK5bvLYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/IjkGc=</latexit>

4
He

<latexit sha1_base64="773yyciC93WsMixqh84Z0Akb9hw=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0k6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55F2WyneVYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/OvkGg=</latexit>

Bi00

3
He

<latexit sha1_base64="3BNxDGxt7B9j3wL1UtFIWvNx7Z0=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0w6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55FVK5bvLYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/IjkGc=</latexit>

20Ne
<latexit sha1_base64="p+oA1CU++zZntdRry2iXpVNc3dE=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8ld0q6rHgxZNUsB/QriWbzrahSXZNsoWy7O/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2CxsFbd3dvf2SweHTR0likKDRjxS7YBo4ExCwzDDoR0rICLg0ApGN1O/NQalWSQfzCQGX5CBZCGjxFjJf0yrbpZ2lcB3kPVKZbfizoCXiZeTMspR75W+uv2IJgKkoZxo3fHc2PgpUYZRDlmxm2iICR2RAXQslUSA9tPZ0Rk+tUofh5GyJQ2eqb8nUiK0nojAdgpihnrRm4r/eZ3EhNd+ymScGJB0vihMODYRniaA+0wBNXxiCaGK2VsxHRJFqLE5FW0I3uLLy6RZrXjnler9Rbl2mcdRQMfoBJ0hD12hGrpFddRAFD2hZ/SK3pyx8+K8Ox/z1hUnnzlCf+B8/gA1z5Gy</latexit>

'<latexit sha1_base64="67gVBi52yIdAYFpBDwzqAwH2QEo=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6jHgxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXLvM4CnAMJ3AGAVxBDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPr02PKQ==</latexit> Coulomb focussing?

> 3
He

<latexit sha1_base64="3BNxDGxt7B9j3wL1UtFIWvNx7Z0=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0w6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55FVK5bvLYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/IjkGc=</latexit>

4
He

<latexit sha1_base64="773yyciC93WsMixqh84Z0Akb9hw=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV0k6pHEC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/nbX1jc2t7dxOfndv/+CwcHTc1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4dua3nlBpHsl7M4nRD+lQ8gFn1Fjp4bGSdlVIajjtFYpuyZ2DrBIvI0XIUO8Vvrr9iCUhSsME1brjubHxU6oMZwKn+W6iMaZsTIfYsVTSELWfzi+eknOr9MkgUrakIXP190RKQ60nYWA7Q2pGetmbif95ncQMbvyUyzgxKNli0SARxERk9j7pc4XMiIkllClubyVsRBVlxoaUtyF4yy+vkma55F2WyneVYvUqiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/OvkGg=</latexit>

p̄Ne
<latexit sha1_base64="5JxUTybgpu06BJIVsuVq7qm7ZjY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSRT0WvHiSCvYDmlA220m7dDcJuxuhhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOypOJYU2jXksewFRwFkEbc00h14igYiAQzeY3Mz87iNIxeLoQU8T8AUZRSxklGgjDeyqFxCZJXnmSYHvIB/YNafuzIFXiVuQGirQGthf3jCmqYBIU06U6rtOov2MSM0oh7zipQoSQidkBH1DIyJA+dn88ByfGmWIw1iaijSeq78nMiKUmorAdAqix2rZm4n/ef1Uh9d+xqIk1RDRxaIw5VjHeJYCHjIJVPOpIYRKZm7FdEwkodpkVTEhuMsvr5JOo+6e1xv3F7XmZRFHGR2jE3SGXHSFmugWtVAbUZSiZ/SK3qwn68V6tz4WrSWrmDlCf2B9/gDs/ZM4</latexit>

d

n̄p
<latexit sha1_base64="QUMXCW2sNl6xoEKu/Drk+gfk9KE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnV6AKpPTpF+uuFV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfja/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwhs/4zJJDZN0sShMBTExmT1PBlwxasTEEqSK21sJHaFCamxEJRuCt/zyKmnVqt5FtXZ/Walf5XEU4QRO4Rw8uIY63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w9kLpAp</latexit>



Nucleon-antinucleon annihilation at LEAR, ECT* workshop, 17.6.19, C. Amsler !37

Summary

Global annihilation process in fair agreement with statistical distribution
Details are not well understood,  e.g.  KK suppression from P-states, rp puzzle

Evidence that quarks play an important role, e.g. leading to correct pseudoscalar mixing angle

Reason for the strong violation of OZI rule is not clear, sea (anti)quarks in the (anti)nucleon?
Pontecorvo reactions are best explained by the fireball model

Gas density changes the spectroscopy (50:50 S:P at rest NTP H2 gas)
Several new mesons have been observed at low energy pp and np, tetraquark, baryonium (1), glueball (?)

Prospects: 

   • investigate pp and np in flight below 200 MeV/c: FLAIR @ GSI
• annihilation at rest at ELENA (e.g. check Pontecorvo reaction p3N):
   Need DC beam: e.g. trap with ELENA 106 p per AD spill
   then release 104/s during 100s AD cycle, solid H2 target
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Ancillary material
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Distribution between neutral and charged pions at rest in LH2

Measured in BBC Factorial law

K, ⌘,! ! ⇡0�...
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Data from Crystal Barrel

Poor agreement for low multiplicities (resonances, selection rules from quantum number conservation)

add(%)
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RMP98

2-body in liquid H2
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RMP98
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RMP98

OZI tests
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Pontecorvo branching ratios

Radiative annihilation

RMP98
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RMP98

3-body in liquid H2
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RMP98

Kaonic channels in liquid H2
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